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THE SIGNIEICANOE OP EHEIBIATIO ACTIVITY IN CHRONIC 
RHETOIATIC HEART DISEASE'^ 


Part I. Intensity and Extent 

Irving R. Juster, ]\I.D. 
Glens Palls, N. Y. 


D uring tlie past few years furtlier study of rheumatic heart disease 
has resulted in more comprehensive knowledge of the clinical and 
pathological facts concerning it. The occurrence of cardiac injury in- 
cident to acute rheumatic polyarthritis, chorea, and tonsillitis is well 
knovTi,^-^'^ and efforts are now made early to prevent damage to the 
heart.^’ 

There exist, nevertheless, many adult patients who are incapacitated 
from rheumatic cardiac disease. How to manage them is stiU relatively 
poorly understood. They offer a complex therapeutic and social prob- 
lem for which a satisfactory solution has not yet been found. 

Recent observers have regarded the late stages of rheumatic cardiac 
disease as the end-result of an infection long since subsided.^^-^^ Studies 
of rheiunatic lesions^- substantiate the unportance of the 

continuance of the active inflammatory process. Impairment of cardiac 
function cannot always be attributed, therefore, solely to mechanical 
strain on the myocardium from stenosed and insufficient valves. 

The marked disability of older patients and many of the symptoms 
and signs exliibited by them resemble similar phenomena presented by 
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rheumatic patients recently "recovered” from the disease. The cardiac 
disability in tlie younger group arises presumably from persistence of 
the active rheumatic process, and definite evidence of this has repeatedly 
been found.^’"’^^ Because of this experience this investigation was under- 
taken in order to learn %vhether active infection persists in older am- 
bulant patients and, if so, what is its intensity and extent. With a view, 
furthermore, to aiding patients financially embarrassed, and to studying 
them under the conditions prevailing in a sheltered v,'ork.shop, the New 
York Cardiac Shop was organized in November, 1928. The study con- 
tinued until Jan. 25, 1932. 


.SEEECriOK OF CASE.S 

Patients were referred by the hospitals and cardiac clinics in New 
York. At first cases classified as were accepted. Later when the 
presence of rheumatic activity in most patients became evident those 
in all functional classes were admitted. The 59 patients studied ranged 
between fifteen and forty-four years of age. They were ob-served from 
one to thirty-nine months, the average being 13.7 months. Their lesions 
were of the mitral or aortic valves or a combination of both. Patients 
sutiering from sj^jhilis -were excluded. 

IIETHOD.S 

A historj^ was obtained on admi-ssion. A physical examination was 
made at least once a week. The results were recorded on Charts 1, 2, 
and 3 of the New York Heart As.soeiation. The incidence and intensity 
of all .sjTnptoms were noted dailj' and recorded on a .special chart. The 
rectal temperature Avas taken for five minutes and the pulse was counted 
for one minute daily at 10 :00 A.3r. and 2 :00 p.ji. Roentgen-ra\' photo- 
graphs at 2-melers were taken in the anteroposterior and right antero- 
oblique positioms; and fluoro.scopic examinations of the chest in the 
anteroposterior and both lateral po.sitions were made on admission and 
when neee.s.sary thereafter. Eleetrocardiogi-ams were taken fortnightly. 
The leucocytes were counted w^eekly, between the hours of 10:30 A.3r. 
and 12 :00 noon when po.ssible, under the same conditions as described in 
a previous communication.^® 

EVmEXCE OF CHKOXICITV 

The literature concerning the value of the temperature, pulse, and 
leueoejde counts as indices of activity presents many conflicting opinions. 

Leucocyte Count. — Swift, IVIiller, and Boots®' noticed that in the con- 
tinuous tvq)e of rheumatic fev'er in which cardiac, involvement is the 
salient feature the count drops occasionally to normal, as in their Ga.se 4, 
preceding the la.st cycle of fever and tachycardia before reeove^ 5 ^ They 
suggested that "counts must be made frequently enough and over a .suf- 
ficient period of time to set forth the trend of the leucoejde curve.” Pa- 
tients with marked clinical evidence of carditis exhibited the most pro- 
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longed leucocytosis. Tlia^'er^® was of tlie opinion that fever and lenco- 
cj'tosis were clear indications of carditis. According to Bezangon and 
Weil/° in nncomplicated cases of carditis of moderate severity the count 
was generally from 13,000 to 16,000 ; in milder forms slight leucocytosis 
was present, and in cases not accompanied hy inflammatory reaction 
there was no leucocytosis. Bedford®® observed in affected children no 
counts below 10,000 in fatal eases. Wilson and KoppeP^ in a group 
ranging from four to Mteen years of age, with chronic rheumatic heart 
disease, frequently found leucocytosis without other evidence of infec- 
tion. Pindlaj’’®^ thought leucocyte counts of no value, and stated that 
Coombs and Perry were of like opinion. 

Ernstene,®^ in a study similar to that of S'wift, kliller, and Boots,®" 
concluded that the corrected sedimentation rate was a more sensitive 
procedui’e than the leucocjde count. Peterman and Seeger,®® however, 
preferred leucocjde and differential counts particularly in showing the 
clinical course of the disease. Svuft^’- regards both procedures as 
valuable indices. 

Isolated counts are doubtless of little value, particularly in lower de- 
grees of activity; only b}’- making repeated counts over an extended 
period can the trend be properly estimated. The greater the activity 
the more persistent is leucocytosis. A difficulty in arrhung at a judg- 
ment of the value of leucocyte counts is the marked discrepancy of 
opinion concerning their normal range. Smft, IMiller, and Boots®" ob- 
served the upper normal Imiit to be 9,000, a figure identical ^vith my own 
experience,®® allowing a 10 per cent deviation. 

In this study 85 per cent of the eases showed leucocytosis, its presence 
ranging from 11 to 100 per cent of the total number of counts. In the 
entire group 2,413 counts were made, 45 per cent being above 9,000. 
Leucocytosis was approximately equal in frequency in cases with auricu- 
lar fibrillation and in those ^vith regular, sinus rhytlun (43.9 and 46.1 
per cent of the total number of counts in each group, respectively). 
These figures suggest the presence of an active inflammatory process, 
probably rheumatic in nature when viewed in conjunction vith other 
observations. 

Temperature,— observed that diminished ability to exercise 
and the onset of cardiac failure w-ere preceded by a rise in temperature 
and leucocytosis. Swift^^ regarded the temperature curve as probably 
being “the most important single index of the intensity, the spread, and 
the persistence of infection.” Boas and Schwartz®^ obseiwed bouts of 
fever in 39 cases, but Findlay®^ thought it of little value as an indication 
of actmty. Though significant, Coombs^" and Boynton®® concluded its 
absence did not necessarily indicate quiescence. 

Some of these differences in opinion may be explained by differences 
in the length of the period of study; whether the temperature was taken 
by mouth or rectum, and the frequency of measuring. In this study, all 
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the cases witli two exceptions exiiibited alniormal temperatures (above 
99.6), ranging from one to 38 per cent of the total readings for eacli 
individual. In the entire group over 24,000 readings were made, 9.4 
per cent being abnormal. Tlie deviations were less in cases ^vilh auricu- 
lar fibrillation than in those with normal sinus rhythm — 4.9 and 11.6 
per cent of the total readings in each group respectively. Although tlie 
elevation in temperature may be only occasional and slight, its signifi- 
cance is apparent when taken in relation to the pulse rate and the leu- 
cocyte count. As a sign, however, fever seems to be less valuable than 
leucocytosis. 

Fulse Rate. — Findlay” thought the pulse rate continued accelerated 
after prolonged rest in eases not developing cardiac lesions. Coombs’’ 
also observed it during infectious activity, but was of the opinion that 
extra-cardiac factors may have occasioned it. When the count was 
elevated during sleep, Schlesinger®'’ regarded it as indicative of active 
carditis. Allen,®’ Pichon,^® and Swift” believed the sign to be of great 
value. Swift” stressed its importance particularly when out of pro- 
portion to the low-grade temperature in the subacute and chronic forms 
of the disease. 

Since there are many factors which elevate the cardiac rate, I have 
chosen 90 beats per minute as normal and 10 per cent deviation to con- 
stitute the normal range. 

Tachycardia is a valuable sign of cardiac dysfunction, particularly in 
this disease. Its significance, however, is limited in auricular fibrilla- 
tion where digitalis is given, but its persistence after thorough irse of 
this drug is often indicative of the pre.scnce of an acute infection. Ninety 
per cent of the cases Avith regular sinus I'hythm showed tach^'cardia 
ranging from 11 to 100 per cent of the total counts. Over 16,000 counts 
were made, 40 per cent being abnormal. 

.SIGNU'ICANT SIGN.S AND .SYMPTOM.S 

Dyspnea and orthopnea, palpitation, precordial pain, nausea and vom- 
iting, rheumatic polyarthritis, Dvitching, jiodules, muscle and joint 
pain, hemoptysis, diarrhea, and petechiae, are con.sidered manifestations 
of activity of infection. 

Dyspnea and orthopnea were present in every patient. An increase 
in dyspnea was A^ery frequently the fir.st clinical indication of begin- 
ning acute carditis. The same held true for palpitation. Precordial 
pain Avas present in 78 per cent of the eases, ranging from .slight pre- 
cordial distress to attaclis of scA’^ere pain. TAvitehing Avas found in 22 
per cent. JIusele and joint pains were both important diagnostic symp- 
toms. In 78 per cent they occurred Avith considerable frequency. Wliile 
it cannot be said that these pains Avere more frequent Avhen rheumatic 
activity Avas great, they often appeared during periods of transition 
from a Ioav to a higher degree of activity. Sometimes they Avere also 
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present as a premonitory symptom. Nausea and vomiting, independent 
of intoxication due to taking digitalis, were present in 75 per cent. They 
were often seen during acute attacks and were regarded as being in- 
dicative of activity. Diarrhea wvas noticed in five cases, rheumatic 
polyarthritis in three, and nodules in two. Hemoptysis occurred in 
six cases. Peteehiae, similar to those found by Holtz and Friedman,®® 
occurred in 83 per cent. The}^ denote capillary permeability which is 
probably increased in this disease. The oral and pharyngeal lesions arc 
often difficult to differentiate from those caused bj’’ ingestion of coarse 
food and are, therefore, less significant than those occurring in con- 
junctivae or skin. The latter appeared in 25 per cent of the cases. 

The occui’rence of hepatic enlargement, pulmonary rales, and edema 
was studied; these were undoubtedly the result of partial decompensa- 
tion due to active carditis. Enlargement of the liver occurred in SO 
per cent. It was found in both eases "with auricular fibrillation (93 
per cent) and those with regular sinus rhythm (75 per cent). Enlarge- 
ment of the liver was often the only clinical e^ddence of a slight de- 
compensation. Whether this phenomenon resulted directly from infec- 
tion of the heart or as the result of mechanical strain, is unknoum. 
Pulmonary rales were noticed in 59 per cent of cases with regular sinus 
rhythm, and in 87 per cent with auricular filirillation. Edema was pres- 
ent in 32 per cent, 30 per cent when the rhjdhm was regular and 40 
per cent in auricular fibrillation. 

Valvular Lesions . — ^During the course of this study, in 12 patients 
lesions developed in valves which were previously considered sound. 
They made their appearance from two to seventy-eight months after 
the date of admission, the average being 28.5 months. The slow progress 
of rheumatic infection is indicated by this observation. The length of 
time required to be certain that this is the course of events greatly limits 
the opportunity to recognize many cases. 

Electrocardiographic Evidence of Activity . — The criteria used in this 
study are those established by Cohn and Swift.^ Abnormalities found 
only in Lead III, however, were excluded. A distinction was made bc- 


Table I 

Transient Changes in ELECTROCARDiOGRiVjis 


1. Increased . conduction time 

2. Notching or slurring of the QRS gi'oup 

more leads 

3. Elevation or depression of R-T interval 

4. T-'wave inversion 

5. Irregularities of rhythm 

, a. Premature auricular beats 
■ b. Premature ventricular beats 

c. Nodal premature beats 

d. Auricular flutter 

e. Auricular fibrillation 

f. Partial block 

sr. Bundle-branch block 




14 

cases 

or 


1 

case 



16 

cases 



7 

cases 



24 cases 

7 

cases 



O 

cases 



2 

cases 



1 

case 



9 

cases 



2 

cases 



1 

case 
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tween transient and permanent changes (Tables I and II). Those which 
may have resulted from taking digitalis were omitted. 

Table II 

PEBMANE.VT GiIAKGES in ELECTROCARDIOOriAMS 

1. Notching or slurring of the QB.S group in 2 or 50 cases 

more leads 

2 . T-wave inversion (T„ T,) G cases 

3. Auricular fibrillation 35 cases 


Transient changes like those described by Cohn and Swift^ and oth- 
ers/’ were found in 64 per cent of eases with regular sinus rhythm, 
particularby with regard to the variability of the R-T segment. Tlie ob- 
servation of Lety and Turner''* that electrocardiographic abnormalities 
occurred weeks and montlis before the onset of acute sjTnptoms, was 
corroborated in this stud 3 ^ Of the entire group, 90 per cent exhibited 
permanent changes. In all eases of auricular fibrillation there were 
in addition notching and slurring in two or more leads. 

Auricular fibrillation developed in 9 cases. The view is held by 
several observers*®'^® and also by McEachern and Baker'® that under 
these circumstances the walls of the auricles are invaded by rheumatic 
infection. High leucocyte counts have been regarded as indicative of 
this possibility, the rise being 24 to 100 per cent (above .’30 per cent 
in seven cases). 

Later histories were obtained in 56 cases (Tables III and IV). High 
leucocyte counts obtained during observation demonstrated the chronieity 
of rheumatic activity in this group, and suggested their significance 
with regard to prognosis. All but 6 patients (10 per cent) either re- 
mained stationary or became progre.ssively worse; 26 (46 per cent) 
died, 18 (65 per cent of the fatalities) as a result of cardiac disease. 
Patients dying of. cardiac failure showed similar em'dence of rheumatic 
activity as those dying of acute carditis. Coexistence of rheumatic 
activity and subacute bacterial endocarditis {Strepiococens viridans) 
was observed in 3 cases. 


Table III 

Follow-TJf Data Through October, 19.34* (5G Cases) 


o 
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Table TV 

Per Cent op Elevated Leucocyte Counts Luring Period of Observation in 

Eelation to Pollow-Up Lata 


Improved (6 cases) 

2 cases: none 

1 case : 7 per cent 

1 case : 30 per cent 

1 case : 38 per cent 

1 case : 63 per cent 

Unimproved (lo cases) 

3 cases: 0 per cent to 10 per cent 

4 cases: 22 per cent to 30 per cent 

4 cases : 50 per cent to 64 per cent 

4 cases : 74 per cent to 100 per cent 

Worse (4 cases) 

1 case : 55 per cent 

1 case : 67 per cent 

1 case : 71 per cent 

1 case : 95 per cent 

Unclassified, carditis (5 cases) 

1 case : 26 per cent 

1 case : 33 per cent 

1 case : 67 per cent 

2 cases: 82 per cent 


Died, carditis (13 cases) 

4 cases : 3 per cent to 33 per cent 

5 cases: 56 per cent to 85 per cent 
4 cases: 100 per cent 

Died, cardiac failure (5 cases) 

1 case : 15 per cent 

1 case : 19 per cent 

1 case : 25 per cent 

1 case : 67 per cent 

1 ease : 94 per cent 

Died, snhacute iacterial endocarditis 
(3 cases) 

1 case : 19 per cent 

1 ease : 55 per cent 

1 case : 58 per cent 

Died, miscellaneous causes (5 cases) 

1 case : 13 per cent 

1 case : 23 per cent 

1 case : 44 per cent 

1 case : 73 per cent 

1 case : 100 per cent 


PATHOLOGICAL ANATOJIY 

Four cases Avere studied post mortem, 3 dying of acute carditis and 
one of bronchopneumonia. In the former acth^e inflammation of the 
various parts of the heart was demonstrated. In the fourth case, one 
of long standing auricular fibrillation in which activity Avas considered 
of little consequence, diffuse scarring but no ceUular infiltration AA'as 
found. 

In one of these cases (auricular fibrillation) reactivation of the rheu- 
matic process as demonstrated histologically was associated Avith signs 
of decompensation. Great difficulty Avas encountered in reducing the 
cardiac rate by adequate use of digitalis. The inability- to do so is an 
important sign of active myocardial inflammation. I liaA’-e oliserA'cd 
this phenomenon repeatedly in cases Avith auricular fibrillation; it oc- 
curs long before the appearance of marked eAudenee of decompensation. 
When, therefore, tachycardia persists, increased administi’ation of 
digitalis must be carried out cautiously as it is othenvise attended hy 
considerable danger in acute carditis. This Avill be demonstrated in 
the case reports. 

The outstanding signs, symptoms, and laboratory findings charac- 
teristic of active rheumatic infection occurring in the gi’oup are tabu- 
lated in Table V. Some eases showed only three of these features, but 
mn: -v showed eonsiderablA' more, indicating that all cases had some de- 
gree ui activity, either during observation or in the interim betAveen 
the termination of the study and the folloAV-up period. Leueocytosis 
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was by far the most prominent sign in recognizing rlieurnatic activity 
regardless of rliytlim ; mtisele and joint pain, and preeordial pain were 
next in importance; tachycardia and transient changes in the electro- 
cardiogram were very valuable signs in tlie group with regular sinus 
rhjdhm. Altliough abnormal temperature occurred in all but one case, 
it did not occur with sufficient regularity in many to be considered as 
important as those signs already mentioned. 


CASE REPORTS 

Several cases, both of regular sinus rhythm and of auricular fibrilla- 
tion, exhibiting various types of activity are discussed in detail in the 
following ease reports. Although Piehon,^® on the basis of clinical ob- 
servations, classified rheumatic activity into two types, (a) an evolutive 
or chronic form (not a cicatricial one in which the process has stopped), 
and (b) acute pancarditis, it is my opinion that the difference is one of 
degree only. 

Case 30. — E. L., aged seventeen yeans, Avas admitted to the Cardiac .Shop Sept. 
5, 1930. The diagnosis was rheumatic mitral stenosis and insufSciency, enlarged 
heart; the rhythm Avas regular, and her functional classification IIA. Cardiac 
symptoms Avere observed by tlic patient one year prior to the onset of rheumatic 
fever. Her illness began AA’itli an attack of tonsillitis folloAvcd by rheumatic poly- 
arthritis in the Spring of 1930. FcA-er, tachycardia, and Icucocytosis persisted 
throughout the period of observation (Fig. 1). Bouts of acute carditis occurred in 
December, 1930, and October, 1931 : the lir.st Avas associated Avith symptoms of 
nausea, vomiting, increasing dy.spnca, orthopnea and cougli, the .second Avas preceded 
by an upper respirator;- infection. There were periods, AA-hich often coincided AA-itli 
increased cardiac reserve, aaIicu the leucocyte curve approached the normal IcA-el, but 
quiescence AA'as never attained. Cardiac reserve diminished Avhen rheumatic actiA-ity 
increased, as shoAvn by the tAA'o bouts of acute carditis. .Slie Avas obsen’cd until Jan. 
25, 1932, a period of scA-enteen months. During July and Augu.st, 1934, “she Avas 
coniined to a ho.spital. Diagnosis: active carditis, mitral stenosis and insufficiency, 
aortic insufficiency, regular sinus rhjdhm, no classification because of rheumatic 
activity.” 

Case 30. — J. O’D., aged sixteen years, Avas admitted to the Cardiac .Shop Slay 22, 
1929. Tlie diagnosis Avas rheumatic mitral stenosis and insuificiency, enlarged heart, 
auricular fibrillation. Class IIB. At the age of three years, tonsillectomy Avas per- 
formed. The presence of heart disea-se A\-as discovered at the age of six years during 
a routine ph}-sieal examination. At tAvelve years, she suffered an attack of rheumatic 
polyarthritis, Avhen cardiac sj-mptoras AA'ere first experienced. LoAA'-gradc fever, occa- 
sional periods of tachycardia, pulse deficit, and persistent leucoeytosis AA-ere present 
(Fig. 2). Frequent bouts of acute carditis made the problem of giving digitalis 
diflieult. The maintenance dose Avas not increased so that torric manifestations, often 
similar to the sj-mptoms of the disease, might be avoided. Best in bed AA-as often 
sufficient to bring about a state of improvement. The first bout of carditis observed 
occurred in September, 1929, and Avas associated with diarrhea, vomiting and 
palpitation. The second, December, 1929, preceded by an upper respiratory in- 
fection, AA-as associated with slight edema of the ankles. The third, October, 1930, Avas 
associated with pains in the knees and cyanosis of the lips. The fourth occurred 



JUSTER: RHEUMATIC HEART DISEASE 


11 


in February, 1931, accompanied by pains in lier joints. Eheumatic nodules were 
noticed in March, 1931. The fifth bout occurred in April, 1931. After treatment 
in a hospital and care in a convalescent home the patient returned in August, 1931, 
much improved. She Avas studied until Jan. 25, 1932, a period of thirty-two months. 
On March 5, 1934, “her left hand was sioollen and painful, nodules appeared on 
anlcles and elhoius. The diagnosis was mitral stenosis and insufficiency, auricular 
fibrillation, not classified because of rheumatic activity. “ 


1950 IS5I 1932 

SEP OCT NOV DEC JAM FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAU 
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0=0.4 OH. POWDERED LEAF BIOL NLY HEART 0=4 EKASPIRIH 


Pig:. 1. — Each space indicated on the top contains the data collected during: one 
week. The iiigh and low pulse counts and temperature readings for cacli week are 
indicated by vertical lines. The higliest weekly pulse counts and temperature read- 
ings are joined by continuous lines. In cases of auricular fibrillation^ the pulse deficit 
is represented by shaded areas, Its absence by a single continuous line. Tlie weekly 
white cell count is recorded by connecting lines. 


These tM’’o cases illustrate a continuous type of activity lasting for 
years, uuth bouts of acute carditis occurring with equal intensitt* lioth 
when the rhytlun was regular and during auricular fibrillation. The 
bouts were probably accentuated manifestations of a preexisting active 
rheumatic state. 
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Case C. — 33.^ aged nineteen j-carg, was admitted to the Cardiac Siiop Isov. Z, 
1928. The diagnosis was rheumatic mitral gtenosis and insufiiciency, enlarged heart, 
regular ginus rhythm, Chiss IIB. Tonsilleeloniy was performed at six years of age. 
She was seized with chorea at eleven yeans, when the presence of lieart disease was 
discovered. Cardiac .symptoms were finst ob.scrved by the patient the following year 
during a period of fever. Persistent low-grade fever, tachycardia and leucocjdosis 
were observed (Fig. 3). The finst bout of acute carditis occurred in April, 3929, 



associated with increase in the degree of her cardiac sjTnptoms and the first appear- 
ance of premature auricular beats. From September, 1929, through November, 
1929, she was confined to her home during the second attack of acute carditis. 
In December, 1929 she contracted acute broncliopneumonia. Premature auricular 
beats began to increase in number and in the latter part of February, 1930, gallop 
rhythm was observed. Digitalis was given, but the persistence of the sjTnptoms 
necessitated complete rest. In Sfarch, 1930, slight pitting edema of the legs was 
noticed. Dyspnea, nausea, vomiting, and diarrhea were also present; they were at- 
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tributed to acute carditis and not to digitalis intoxication. On Aug. 14, 1930, during 
the third period of acute carditis, auricular fibrillation supervened. In May, 1931, 
following severe infection of the upper respiratory tract, a fourth bout occurred asso- 
ciated with cough and vomiting. The temperature, apex rate, and leucocyte counts 



’’2 ^ ^ 


C o o e. 
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rose, and the severity of her cardiac sj-mptoms increased. The patient was confined 
to bod in a hospital for one month. In October, 1931, she was sent to a convalescent 
home for two months and returned much improved. She was observed until Jan. 25, 
1932, a period of thirty-nine months. On Oct. S, 1934, the diagnosis was "mitral 
stenosis and insufficiency, aortic msufficiencu, auricular fibrillaiion, Class IIB. 
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In tin's case, the oceni'rence of nuvieuhiv fibrillation is exhibited (hiririf' 
a pci-iocl of acute carditis and the continuance of rheiunatic activit}' in 
the same state of intensity after the clianf^e of rhythm. 

Cask 23. — S. K., aged sixteen year.'!, was admitted to tlic Cardiac Sliop Jan, 1.3, 
19.30. The diagnosis wi.s rheumatic mitral sfcno.siK and insufficiency, enlarged Jieart, 
regular .sinus rhytlim. Class IJB. Tliore was no history of polyarthritis, chorea, or 
tonsillitis. Her tonsils were removed at .six and at thirteen years of age. The 
existence of heart di.“ease was di.=eovcred at the age of eight years. The fir.“t cardiac 
.symx)tom.", together with chills, fever, p.alpitation, and dy.spnea, appeared in 1920, 
The temperature, pulse, and leucocyte cur\'c.s shoivcd cyclic periods of fever, tachy- 
cardia, and leucocyto.sis (Fig. 4). An elevation of the three curves during July, 1930, 


JAK rtD Hill ACA MAY ivn JUL AU5 ttf OCT HW *£t J»H ttt KAO MAY JUH JUV ABC IIP CtT KSY 5tC AAS 
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w loi'r 
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Fig. 4 . — Each .space Indicated on the top cont/iins the data collected durlnpr one 
week. The IiIkIi and low pul.«e counis and temperature roadlng.s for each week arc 
|ndic.ated by vertical Unc-.s. The hlxhe.st weekly pulse counts and temperature re.ad- 
infts are Joined hy continuous lines. In c.ase.s of .auricular flbriUatlon the pulse defleit 
is repre.sentcd hy shaded areas. Its absence by a single contlnuou-s line. TIic weekly 
white cell count I.s recorded by connecting line.s. 


was associated witii increased dyspnea. The sjunptorn.s, however, did not reach 
sufficient proportions to he con.ejdcred tho.=e of acute carditis. Kegardicss of im- 
provement (Class I) during .Tanuary, 1932, the evidence revealed persistent rlieumafic 
activity. Site was ob.served until .Tan. 2.3, 1932, a period of twenty-four months. 
On Oct. 22, 1934, .she comidained of “ palp/itation, dyspnea, orthopnea, occasional 
cardiac pain, feeling of oppression over prceordium. The diagno.sis was rheumatic 
mitral stenosis and insufficiency, aurimilar fibrillation, Class IIB.” 

Cask 12. — ,T. DeJ., aged eiglifeen year.s, was admitted to the Cardiac Sliop July 
11, 1929. The diagnosis w.as rheumatic mitral stenosis .and insufficiency, enlarged 
heart, auricular tibrillation, Cias.s IIA, There was no historj* of polyarthritis or 
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chorea. The presence of heart disease was discovered at eleven years. An attack 
of tonsillitis had occurred at twelve years; the tonsils were removed at thirteen. 
Cardiac symptoms began to be noticed at thirteen years^ when irregular palpitation 
was felt and digitalis was given. Irregular periods were observed of low-grade fever 
and leucocytosis, the latter being the more pronounced (Fig. 5). The cardiac rate 
was lowered by taking digitalis. The course of this patient was complicated by the 
occurrence of amenorrhea from May until August, 1931, and later by metrorrhagia, 



lasting three weeks and causing secondary anemia, severe enough to necessitate 
transfusion of blood. She was observed imtil Jan. 25, 1932, a period of thirty-one 
months. On Oct. 16, 1934, she was "feeling HI, complaining of nausga, fatigue, 
dyspnea, cough, and palpitation. The diagnosis was rheumatic mitral stenosis and 
insufGieiency, auricular fibrillation, Class IIB.” 

Tliese two cases presented tlie same degree of rlienmatic activity 
wlien tlie rlijdlmi was regular and wlien anricnlar fibrillation was pres- 
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cni. Tlwra uus (;vjd<;acc ol' idlernalwi' rliouui.'dic acfivijy and latency. 
Cardiac reserve was not so i/iueh dim/rjcshcd nor did the iiHivily nssnme 
Slid) proportions as ivoidd .su;,"'cs't llic presence of acute carditis. The 
use of diirifalis was also a much simpler pi-oldcm than in the previous 
fn-ou]). 



nrn 



e IDI* vr 

•±n 



Cass ~i3. — G, .% agC'] twenty-tlirw yc.ars, •.vaj' .ailniittcfl io I tie Cardiac SIioj) 
Jfarcli 12, ]92.e. The (Jiagnosi!- v.'.as rlieutiiatic iiuTral KtenOris and in>i«fijciency, 
en!,arged Iieart, regular .iiinu.s rliytlini. Class IJA. »Slie sutTered .an attack of tonsillitis 
at seventeen years, tlic tonsils were removed at eiglifeen, heart disease v.'.as discovered 
at nineteen with the oiis‘,*t of cardiac symptoms; an atl.aek of rhenmntic polyarthritis 
occurred at twenty-one, 'Die pulse rate, temperature, and 1euc<K‘yfe curves ran a more 
or less parallel course, Iwing elevated from >rarch, 1029, to May, 1930 (Fig, 0). Tiie 
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leucocyte curve then readied a normal level with only a rare count above 9.000. The 
other curves fluctuated, however, showing occasional periods of tachycardia and slight 
fever, particularly between aSTovember, 1930, and the termination of the study. The 
chief complaints were foequent pains in muscles and joints. During December, 1930, the 
severity of her cardiac sj-mptoms increased. She was observed until Jan. 25, 1932, a 
period of thirty-four months. On Oct. 8, 1934, she was feeling ill, complained 'of 
pains in arms and legs, fatigue, dyspnea, occasional palpitation. The diagnosis was 
rheumatic mitral stenosis and insufficiency, regular sinus rhythm, Class IIA.’’ 



This case is an example of the tj^pe in which long periods of quies- 
cence are interrupted hy periods of slight rheumatic actmtj, more 
apparent from the pulse and temperature curves than fi'om the leucocjhe 
curve. 

Case 8. — C. B., aged thirty years, was admitted to the Cardiac Shop Xov. 3, 
1928. The diagnosis was rheumatic mitral stenosis and insufficiency, enlarged heart, 
auricular fibrillation. Class HB. An attack of rheumatic polyarthritis occurred at the 
age of twenty, when the existence of heart disease was discovered. Cardiac symptoms 
appeared first at pventy-three, with the onset- of irregular palpitation and decom- 
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pensation. Throughout the entire course of study, a few leucocyte counts only -were 
above 9,000 (Fig. 7). There was an occasional rise in temperature not associated 
■svith pulse deficits. She complained at timc.s of mu.scle and joint pains. The chief 
difficulty in treatment con.sistcd in finding the correct dose of digitalis. She "svas 
observed until April 17, 1931, a period of thirty months. On Aug. 27, 19,14, "the 
diagno.si.s was rheumatic mitral stcno.si.s and in.sufiicicncy, aorlic insufflcicncj/, auricular 
fibrillation, Class IXB.” 

This case illustrates a grade of rlicumatic activity so low that its 
presence cannot be demonstrated by u.sual methods. Nevertheless, 
after a period of six years, the involvement of an additional valve be- 
came apparent. In all probabilily the process was iibrotie, .slow in 
growth, rather than inflammatory. 

In the next case, rheumatic activity was known to exist for three 
months prior to the onset of cardiac .sjTnptoms. It is included to .show 
the compatibilitj' of rheumatic activity with noiTnal physical capacity. 

Case 13. — L. D,, aged Ecvenieen ycar.s, was admitted to the Cardiac Shop Oct. 7, 
1931. The diagnosis was rheumatic mitral stenosis and im-ufficiency, aortic stenosi-s 
and insufficiency, enlarged lieart, regular .sinus rhythm, Class I. An attack of 
tonsillitis occurred at nine ycar.=, heart disease was di.scovcrcd at ten years, and an 
attack of chorea took place at eleven years. The hi.story of this ca.se suggests an 
intermittent type of activity. Cardiac sjuiiptoras fir.st appeared at the end of the 
study. She was observed until Jan. 15, 1932, a period of three months. On Aug. 10, 
19.34, a lustory was obtained of ' ‘ epislazix, hcmopiy^in, palpitation, prccordial pain, 
pain in elhovjs and lorists. She was sleeping on tlirec pillows. The diagnosis was 
rheumatic mitral stenosis and in.sufficicncy, aortic stenosis and insufficiency, stnux 
tachycardia, Class JIB.” 

This is the of ease which explains the pre.senee of rheumatic in- 
flammation frequently found post mortem when it was not .su.speeted 
during life. 

The chronicity of infection, exhibited by these cases emphasises the 
similarity between clironic rheumatic cardiac disease and chronic pul- 
monary tuberculosis, frequently referred to by other observers.^"' In 
both maladies recrudescence may be expected even in the absence of 
objective signs of activity. Evidence suggested that rheumatic activity 
ranged from being quiescent, with occasional periods of reerude.scenee, 
to being continuous, with bouts of acute carditis, leading in each in- 
stance to further damage to the heart. The present use of the term 
“carditis,” limited as it is to frankly acute exacerbations with obvious 
signs and s%Tnptoms, is erroneous and misleading. The data reveal 
unquestionable evidence of mild acute carditis long before a typical 
‘ ‘ attack ’ ’ supervenes. 

SUJDIARY 

1. Information was collected on 59 ambulatory cases of chronic 
rlienraatic cardiac di.sease by obtaining at suitable intervals, historie.s, 
s\Tnptoms, leueocj'te counts, pulse rates, mea.surements of temperature, 
physical examinations, electrocardiograms, x-ray photographs of the 
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heart, and post-mortem reports. The group consisted of women between 
the ages of fifteen and forty-four years who were studied for a period of 
one to thirty-nine months, the average being 13.7 months. 

2. Bheumatic infection was probably active in each ease either during 
observation or later. 

3. The most valuable single procedure for ascertaming the presence 
of rheumatic actimty was the leucocyte count. Leucocjdosis occurred in 
85 per cent of the cases, its presence ranging from 11 to 100 per cent of 
the total nmnber of counts. 

4. In some eases the rheimiatic process appeared to be (a) either 
relatively quiescent or only slightly active, (b) in others, periods of in- 
activity alternated vdth others of activity, and (e) finally there were 
those in which aetimtj^ was more or less continuous. These tAqies oc- 
curred vdth equal frequency whether the rhjdhm was regular or there 
was auricular fibrillation. 

5. Patients manifesting frank signs and sjTuptoms of acute carditis 
showed eiddence of having had a preexisting active rheumatic state. 

6. Whether death occurred as the result of cardiac failure or of acute 
carditis, similar evidence of rheumatic activity was f oimd. 

7. In three patients rheumatic activitj* and subacute bacterial endo- 
carditis coexisted. 

8. The regular sinus rhythm gave wa 3 ’ to auricular fibrillation in nine 
cases. In each instance the irregularity supervened during periods of 
rheumatic activity. 

9. In several eases, rheumatic activity continued for several 3 *ears, 
leading to progressive cardiac damage and diminished cardiac reserve. 

10. In certain cases rheumatic activity is at times compatible vitli 
normal cardiac reserve. 

CONCLUSION 

In this stud^^ it is shown that in manj^ adult cases of rheumatic heart 
disease prolonged and progressive active infection persists, sometimes 
so mild as to be scarcely detectable, but sometimes exhibiting high 
grades of severitjL 
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THE PRECIPITATING CAUSES OP CONGESTIVE HEART 

FAILURE^G 


William A. Sodeman, M.D., akd George E. Burch, M,D, 

New Orleans, La. 

T he importance of added strain in the precipitation of congestive 
failure in an overburdened heart has long been recognized. Whi^c’ 
.states that “in a person Avith heart disease, failure is often precipitated 
by a relatively trivial circumstance, such as a slight respiratory infec- 
tion, overeating, or .slight overexertion, hut usually heait; failure is of 
gradual onset Avithout any particular precipitating factor. In children, 
acute rheumatic infection is the most fi-equent immediate cause.” 
Herrmann^ states that ' ‘ the establishment of a precipitating factor is of 
significance in the prognosis and future management of any patient Avith 
cai’diovascular breahdoAAm.” CoAA'an and Ritchie® list the folloAving 
causes : exercise, iiregnancj", hemorrhage, pulmonar 3 ’’ infection, cm- 
ph.A'sema, gastrointestinal disturbances AA'hich produce disturbances in 
nutrition, intoxication, operation, mental shock, starvation in any form, 
acute exacerbation of chronic renal disease, and surgical shock. This 
list, of course, is oulj’- partial. The number of precipitating causes is 
limited onlA^ by the number of factors capable of causing cardiac or cir- 
culatoiy strain. Donzelot^ has gwen a detailed surA’^ey of the cardiac 
and extracardiac conditions responsible for heart failure, but has re- 
ported no cases. DaAus® has considered the traumatic causes. 

In a search of the literature Ave Avere unable to find a series of con- 
secutiAm cases of congestive heart failure in Avhich the precipitating 
cause of the attack had been used to prognosticate the outcome from 
that attack. LikcAvise, Ave Avere unable to find a consecutive series in 
Avliich the relatiAm frequencj’- of the precipitating causes had been 
analj’^zed. A reAucAV of the routine Avard histories also indicated that 
the events leading to the development of congestive failure are not 
ahvays recorded. These facts prompted us to investigate this problem 
and necessitated a detailed questioning of each patient regarding the 
onset of congestive failure. 

We have attempted to elicit the precipitating causes in 100 consecu- 
tive patients Avith congestive heart failure entering the Tulane Medical 
Service of Charity Hospital and the Hutchinson jMemorial Clinic during 
the autumn of 1936. Each patient has been carefulty questioned, ex- 
amined and folloAA'cd by both of us. All AA^ere bedi’idden. Diagnoses 


’PresMted before the American Heart Association, Section for the Study of 
Cardiac Disorders, at Atlantic City, June 8, 1937. 


tFrom the Department of Medicine, School of Medicine, Tulane University of 
Louisiana, New Orleans, and the Charity Hospital of Louisiana, New Orleans. 
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^vere made according to tlie criteria approved by the American Heart 
Association, and treatment, including bed rest, digitalization, sedatives, 
and symptomatic measures, while varying with the patient, was com- 
parable in indications and application. 


Table I 

Etiology of Heabt Disease 


Hj'pertension and arteriosclerosis 

30 

Arteriosclerosis 

27 

Hypertension 

25 

Euetic heart disease 

10 

Eheuniatic heart disease 

7 

Congenital 

1 

Total 

100 


TJie diagnoses as to etiological types are recorded in Table I. Hyper- 
tension and arteriosclerosis, separatety or in combination, accounted for 
over 75 per cent of the group; syphiHs for 10 per cent; rheumatic fever 
for 7 per cent, and congenital anomalies for 1 per cent. Tliis distribu- 
tion is representative of the general incidence of the etiological tj’pes 
of heart disease in our service. 

In the majority of cases a precipitating cause was definitely demon- 
strable. In three individuals, in subsequent attaelcs, a different pre- 
cipitating cause was apparent, so that 104 instances were recorded for 
the 100 individuals. They were distributed as follows : exercise 20; 
infection (upper respiratory tract 15, acute gastroenteritis 1, acute 
bacillary dysentery 1, erysipelas 1) 18; pregnancy 5; surgical sliock 2; 
coitus 2; sudden rise in blood pressui’e 2; psychic trauma 2; hemorrhage 
2; heavy meal 1; and alcoholism 1. A gradual onset occurred in 47 
patients without demonstrable cause, and an acute onset in twn patients, 
cause not definitely knowm, but probably a sudden rise in blood pressure. 
In the 47 patients with gradual onset, 46 were unable with treatment 
to compensate sufficiently to carry on minimal normal activity. Among 
those in whom precipitating causes w^ere demonstrable, in 40 compen- 
sation was established rapidly and sufficiently under treatment to make 
the patient able to carry on usual activity, 14 failed to show compensa- 
tion to that extent, and 3 could not be followed. 

DISCUSSION 

Contrary to the views expressed in the literature, in our series over 
50 per cent of the patients had a definite precipitating factor leading 
to the development of ‘congestive failure. Had we been able to elicit 
a satisfactory history in every case, particularly in those of long stand- 
ing, the percentage might have been higher. Again, precipitating causes 
may have been present but not evident to the patient. Even a careful 
liistoiy would fail to elicit tliem. 
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Tlic relative i’l-equency of the ])reeii)itatjng faclor.s would doubtless 
vary in any sei’ies with the race, age, and sex of the i)atienl.s, cliinafic 
conditions of the particular area, the season of the year, and any other 
conditions which vary l!ic incidence of disease and the occu])alions and 
habits of tlie patients. Although these factors may infiuenee the relative 
fre(|ucncy of Die jn’ceipilating eau-ses of heart failure and of heart failure 
itself, we were unable to demonstrate tlie influence of any of these fac- 
tors upon the ability or inability of the patients in our gi’oup to re- 
establish compensation. Such data are of gi’oat importance and can be 
obtained only by the comparison of entire groui)s similar to this one. 

As mentioned ])reviously, a gradual onset of congestive failure oc- 
curred in 47 patients without demonstrable ])recipitating cause. That 
46 of these individuals were unable to compensate sufficiently to carry 
on minimal activity is strikingly evident and ])oinls out clearly the 
value of the determination of the type of on.sct in prognosis. Such 
patients usually developed evening edema which became progre.ssively 
worse for a varying period of time until they were bedridden. It ap- 
pears that these ])atient.s had had no forewarning of the progre.ssive 
diminution in their cardiac reserve until it was so diminished that even 
minimal activity exceeded it. However, had such a patient a warning 
of diminishing cardiac reserve by a pi’ocipitating factor before thi.s limit 
were reached, he probably would have reacted to treatment and would 
have been able to adjust his activity to meet his existing cardiac reserve. 
Furthermore, treatment of any correctible etiological factor could have 
been instituted to prevent further encroachment iipon the heart. These 
statements are borne out by the progi’css of our cases with a knoum 
precipitating cause. In 40 of the 57 instances with a kuouTi precipitat- 
ing cause the patients compensated rapidly with treatment and suffi- 
ciently to carry on usual activities. Fourteen failed to compensate to 
that extent and 3 could not be followed. Four of the 14 patients had 
syphilitic aortic regurgitation, while in the group uith ability to com- 
pensate there were none with this condition. It is possible that in the 
remaining 10 instances the patients were already on the verge of failure 
when the precipitating cause intervened. Omitting the 4 patients with 
syphilitic aortic regurgitation, who seem to form a special group, the 
patients with distinct precipitating causes had a 75 per cent chance of 
recovering compensation; those without a known precipitating cause 
over 95 per cent chance of not recovering compensation. 

Infection and exercise are the u.sual precipitating causes emphasized 
in the literature. In our series these constituted 38 of the 55 instances 
of knowm precipitating causes. Even though these factors may be help- 
ful in diagnosis, and later in prognosis, in patients "with heart disease, 
they are ahvays detrimental and should be avoided. 

The 5 patients with pregnancy as a precipitating cause deserve special 
consideration. Three of these developed congestive failure in the third 
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trimester. They represent tJie usual of patient witli congestiye 
failure precipitated by the increased strain of pregnancy. All three 
of these patients reestablished compensation satisfactorily following de- 
Tu er\ . The remaining two are representative of a group in which con- 
gestive failure occurs post partinn. A search of the literatiue indicates 
that cardiac decompensation at that time is most unusual in the ab- 
sence of vascular complications. In our patients congestive failure was 
absent during pregnancy and developed for the first time in the puer- 
peral period within three weelvs following delivery. We see in these 
patients the remarkable fact that congestive failure occurred for the 
first time after the release of the usual strain of pregnancy upon tiie 
lieart. Tlie history, course, and physical findings make uj) a characteris- 
tic picture, but the mechanism by which failure was precipitated is not 
clearly luiderstood. A series of patients of this tjTpe and the possible 
mechanisms involved are described in detail elsewhere.*^ One of the 
two patients in the present series died in heart failure. The other is 
living but has failed to compensate sufficiently to carry on minimal 
activity. 

Two patients with hypertension, followed before the onset of con- 
gestive failure, developed decompensation immediately after a sudden 
rise in blood pressure. The cause of the rise in the pressure could not 
be determined. No other possible precipitating causes could be elicited 
at that time. This evidence strongly suggests that the sudden rise in 
blood pressure precipitated the failure. With a reduction in blood 
pressure to the former level compensation was reestablished. Two other 
patients not followed before the development of congestive failure, and 
without any Imown precipitating cause, displayed the same picture. 
These patients are listed in Table II as sudden onset of unlmown cause. 


Table II 

Precipit.vting Causes op Congestive Heart Failure 


1 

G.AUSE 

INCIDENCE 

NUMBER 

COMPENSATED 

WITH 

TREATMENT i 

NUMBER NOT 
COJIPENSATED 
WITH 

TREATMENT 

Gradual onset (cause un- 
knowa) 

47 

1 i 

46 

Infection 

IS 

12 

6 

Exercise 

20 

14 

6 

Pregnancy 

5 

3 

2 

Sudden rise in Wood pressure 

2 

2 

0 

Sudden onset (cause un- 
known) 

2 

2 

0 

Psychic trauma i 

2 

1 

1 

Hemorrhage 

o 

w 

1 

1 

Surgical shock 

2 

1 

1 

Coitus 

2 

2 

0 

Heavy meal 

1 

1 

1 0 

Alcoholism 

1 

1 

0 

Total 

104 

41 

63 
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A sudden rise in Idood pressure suggests itself as the preeij)itating 
cause in tlicse patients. Since a .sudden rise in blood jn-essurc nia\' be 
a-symptomatic, it is possible that it may be active as a precipitating 
cause with no evidence in the histoiy. 

The mechanisms of psychic trauma, hemorrhage, postoj^erativc shock, 
coitus, overeating, and alcoholism as precii)itating causes of congestive 
failure are self-evident. 

The importance of the etiological diagnasis in predicting the outcome 
in the presence or ahsence of a preciiulating cause was considered. It 
was found to he a factor in those with syphilitic aortic regurgitation. 
In these patients the i)rognosis was poor regardless of the precipitating 
cause. Those observations arc in keeping with the usual grave prog- 
nosis given such patients wlien cardiac cojnpensation lias oiiee been 
broken. 

It is stated in the literature that active rheumatic carditis is often 
a pj’ccipitating catise of congestive failure in patirmls with chronic 
rheumatic endocarditis. In our .seven patients .signs of active rhemnatie 
fever could not he elicited. Purthermore, three of these patients had a 
definite precipitating cause unrelated to rlioumatic f(!ver. The remain- 
ing four liad a gradual onset without any domonstrahle precipitating 
cause. It is pos.siblc that an unrecognized active carditis may have 
played a role in the dcvelo])ment of failure in these patients. 

SU.MMAHY AKI> COXCUUSIONS 

A study of 100 consecutive cases of congestive lieart failure indicatas 
that : 

1. In 55 (52.9 per cent) of 101 in.slances of congestive failure a definite 
precipitating cause was demonstrable. 

2. Tlie reaction to therapy was poor following congestive heart failure 
with a gradual onset without demonstrable precipitating cau.se. Over 
95 per cent of these patients failed to compen.sato sufficiently to carry 
on minimal activity. 

3. We were usually able to prognosticate a good I’esponse to treat- 
ment in patients Avith a definite precipitating cause provided the cause 
could be removed. In 75 per cent of these patients removal of the pre- 
cipitating cause fostered rapid and sufficient recovery of cardiac re- 
serve to permit at least minimal activity. 

4. The precipitation of conge.stive heart failui'e by a factor putting 
a strain on the heart acts as a forewaniing of the existence of lowered 
cardiac reserve so that with treatment and adaptation the patient’s 
life may he prolonged. Such a factor, however, is always detrimental 
to the heart. 


to o 
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5. Following congestive failure patients with syphilitic heart disease 
with aortic regurgitation showed an inabilitj’- to compensate regardless 
of the precipitating cause. The etiological diagnosis otherwise was not 
found to he significant. 
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RELATION OF ]\iyOCAHDLAL DISEASE TO ABNOKMAUTIKS 
OP THE AOiNTinCULATl COAri’LlvN OF THE 
ELECTROCARDrOGKA.APf 


Haholi) ]' j . B. Paudki:, M.D., and Lko Pmci:, Af.D. 

Ni:\v York, N. Y. 

T he finding of an alniorinal vcnlncnlar complex in llic elecirocardio- 
gram is commonly used as a basis for tlic diagnosis of myocardial dis- 
ease, but discrepancies behs'cen llie elect roeardiogmpbic iliagnosis and 
autopsj' findings have occasionally been rejiorted. Tf seems vorth v. jiilc 
therefore to review a considerable number of cases with the idea of 
determining the reliability of electrocardiographic evidence in diagnosing 
the presence or absence of inori>hological changes in the ventricular myo- 
cardium. Sixty eases have been selecleil for this study. The records of 
all autopsies performed at the New York jTosjiilal between Sept. 20, 1030 
and July 4, 1032, wore reviewed, including cases from both the medical 
and the .surgical services. O’hose cases were selected for study that had 
electrocardiographic records made sliortly before deatii and had neither 
received digitalis nor quinidinc recently enough for these to have in- 
fluenced the record. Only the standard hsids were obtained in these 
eases. 

The electrocardiographic record was considered abnormal wlien those 
features were discovered in the ventricular waves which have been com- 
monly considered to indicate myocardial disease. These are ns follow.s: 
duration of QI?S exceeding 0.10 .seconds; notching or .sluiring of QRS 
near the peak of a large wave and in more than one lead of the record; 
voltage of the QR.S grouj) loss than 5 mm.; Qj measuring more than 25 
per cent of the largest e.xeursion of QT?S excepting in the i)resence of 
right axis deviation; R-T or S-T .iunction occurring more than 1 mm. 
above or below the P-R level; diphasic, isocleeti-ic or downward T-waves 
in Leads I or II or in both; significant changes in the voltage or other 
features of the QRS or T-waves observed in records of the same patient 
taken a few days from one another. 

It is to be emphasized that only when these features -were quite definite 
have they been made the basis of a diagnosis of abnonnni vcnfricular 
complex. Notching and slurring were especially carefully scrutinized 
and were not considered positive unless evident in two leads and in one 
of these invohung a part of QRS remote from the base line. AYlien the 

‘From the N'ew Tork Ho.spltal and the Department of Aledlclno, Cornell University’ 
Medical College. 

tPreliminarj' report presented before the Association of American Phv.cicians. 
May, 1937. 
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complex was sueli as to indicate bnndle-brancli block it was not also con- 
sidered under the categories of notched, mde QRS or inverted T, even 
though these features might have been present. 

Auricular fibrillation, auricular flutter, and heart block have been 
omitted from this list of eleetrocardiograpliie abnormalities. This has 
been done because, though these physiological disturbances often have 
a basis in structural myocardial disease, yet such changes would be 
expected in the auricles or in the A-V conduction system and not in the 
ventricular myocardium, which alone has been subjected to careful 
pathological study. Premature beats and paroxj^smal taehj-cardia may 
also arise because of struetui’al mjmeardial disease but they may so often 
be neurogenic in origin that it was not considered proper to attempt to 
correlate them with morphological changes. Our purpose then has been 
to determine the relation between the normal and abnormal ventricular 
complex and a morphologieallj’- normal or abnormal ventricular myo- 
cardium. 

The general autopsy findings, the gross appearance of the pericardium 
and valves, the condition of the coronary vessels, the gross appearance 
of the heart muscle, and the microscopic appearance of sections from 
areas suspected of being abnormal were tabulated. Usually two or three 
sections were available for microscopic study from each heart, some- 
times only one. 

Pathological changes in the endocardium and aorta were not tabulated 
unless of e^’ident clinical importance, as they were not considered capable 
of causing changes in the ventricular complex. The degree of coronary 
arteriosclerosis has been noted under the categories of slight, moderate, 
or marked. Although thrombosis of a branch may occur when the 
appearance of the remainder of the coronary tree is such as to indicate 
only moderate arteriosclerosis, yet such a case is noted as “marked” be- 
cause of the degree of the change in the one branch which became 
thrombosed. When the term atheroma appeared in the original autopsy 
protocol it was carried over without change to our tables because it was 
thought best not to change the terminology of the recording pathologist. 
It is felt that atheroma of the coronaries is but one manifestation of 
arteriosclerosis of these vessels. 

Morphological changes in the myocardium are especially stressed be- 
cause it is felt that some such definite finding miglit account for perma- 
nent changes in the electrocardiogram. Lesions of the myocardium are 
considered separately from lesions of the coronary arteries because it is 
believed that the electrocardiogTam can only be influenced by changes in 
the physiology of the myocardium. It is possible that coronary narrow- 
ing may so reduce the blood supply to the muscle fibers as to change 
the electrical curve without there being any morphological changes in the 
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fibers. It is iinpo-ssible, however, lo evaluate tlic degree of coronary nar- 
rowing with sufficient exactness to allow a correlation of this such as 
lias been attempted here witli morpJiological myocardial changes. It is 
also Imown that toxic influences and inflammation as in diphtheria and 
rheumatic fever may affect the muscle fibers so as to change the electrical 
curve. Sometimes toxic influences may produce morpliologic^l changes 
as well, but inflammation of course will always do so. 

The ventricular myocardium, including undci’ this term the muscular 
and fibrous ti.ssue structure, was con.sidercd to show structural disease 
when the following morphological changes were found: (1) inflamma- 
tory changes : (a) exudative or pj-oliferative lesions, be they localized or 
diffuse, .such as are found in rheumatic or bacterial infections; (b) 
fibrosis resulting from acute or chronic inflammatory changes; (2) non- 
inflammatory changes, such as*, (a) rciflaccment fibrosis in areas of 
atrophied muscle fibers due lo eoronaiy narrowing, also scars following 
infarction due to coronary occlusion; (b) increase of intramuscular 
fibrous tis.sue; (e) fatty degeneration; (d) granular degeneration. It 
will be noted that these changes are demonstrable cbiefly on microscopic 
examination. 

Table 1 shows the relation of normal and abnormal ventricular com- 
plexes to normal or abnormal autopsy findings in the sixty cases studied. 


Table 1, — ^Relation- ok Vextriculae Cojiplkx and Autopsy Fixpixcs 



1 Ventricular ^^yocardiuIn 


Diseased 

Normal 

47 abnormal cornplexc.« 

:}8 (81 per cent; 

9 (19 per cent) 

1?> normal complexo.« 

<5 (4C) per eentl 

7 (54 per cent) 


Of the 47 cases with abnormal ventricular complexes 81 per cent were 
found to have morphological changes in the ventricular myocardium and 
19 per cent had apparently normal myocardium. Of the 13 cases A^dth 
normal ventricular complexes 46 per cent were found to have mox’pho- 
logical changes while 54 per cent had normal myocardiums. There was 
agreement between the electrocardiographic diagnosis and the autop.sy 
findings in 45 cases, 75 per cent of the whole series, and disagi'cement in 
25 per cent. The agreement was greater when the electrocardiogram 
was abnormal (81 per cent) than when it was normal (54 per cent). 

"With a normal electrocardiogram there appears to be about an equal 
chance for the myocardium to be found normal or diseased. This ob- 
seiwation should lead us to be v*ery cautious in inteipreting a normal 
electrocardiogram as an indication of a normal m^mcardium. In doubt- 
ful cases we should take additional records or, if this is not possible, 
.should I’ely for our diagnosis upon other clinical .signs of mA'oeardial 
disease, such as enlargement of the heart, abnormality of the heart 
sounds, or abnormal cardiac functional te.sts. 
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Of the seven cases -with normal electrocardiograms and normal mjm- 
cardinm none had heart disease; one had slight coronary arterio- 
sclerosis: one died of nremia and revealed fibrinons pericarditis mth a 
• heart weighing, 550 gm. 

Table 2 gives the morphological findings in the six cases with normal 
ventricular complex and an abnormality of the myoeardinm. These cases 
merit special attention because a negative diagnosis was made in the 
presence of myocardial disease. Only one of them had a clinical diag- 
nosis of heart disease, Case 20. None died of heart failure. There were 
no gross focal lesions in any of these hearts nor any lesion of the muscle 
fibers. Changes in the interstitial tissue were slight in the first three 


Table 2. — C.vses ■v\'iTn NoR^L\L VENTnicci..\R CoitPLEx — P athologic Changes 

ox Al'topsy. 


i ! 

1 Age. 1 Cause of death. 

i j 

. } 

Heart ; i 

wgt., ( Gross appearance. ' Microscopic findings in ventricles, 
gm. i 1 

9 j 5G 

Bronchopneumonia ; 
secondary anemia 

425 1 Normal [ Slight increase of interstitial fibrous 

j j tissue 

17 1 51 

i 

Post-thyroidectomy 
(for Graves’ dis- 
ease), mediastinal 
hemorrhaRe and 
edema of larynx 

350 

Coronaries normal i Slight increase of fibrous tissue 

1 

1 

1 

19 j 05 

Carcinoma of bile 
duct; bronchopneu- 
monia 

350 

Muscle pale; cor- j Few small areas of fibrosis 
onaries normal | 

: 

20 i 19 

.A.cuto septic endo- 
carditis; mitral 
valve 

300 

Petechimtcoronar- 1 Polymorphonuclear foci in both 
ies normal i ventricles, perivascular distribu- 

( tion, and scattered through inter- 
! stitial tissue 

21 ' 59 j Bronchopneumonia 
i ! and plejirisy 

235 

Coronaries normal ! Increased interstitial tissue cspe- 
1 cially in left ventricle 

IS j 79 1 Bronchopneumonia 

. i 1 

7 

Subendocardial | Increased fibrous tissue in left ven- 
hemorrhages; ; tricle 
coronaries — '• 

slight atheroma j 


cases, moderate in the last three. The coronary arteries were normal in 
aU but one ease which showed slight coronary arteriosclerosis. 

The nine cases of Table 3 showed an abnormal ventricnlar complex 
and a normal myocardium. These cases merit special attention because 
a positive diagnosis of myocardial disease was erroneously made on the 
basis of the abnormal featoes of tlieir electrocardiogi'ams. Five of them 
had a clinical diagnosis of heart disease (Cases 2, 4, 6, 7 and 14) three 
dying of cardiac insufficiency. Coronary arteriosclerosis was absent 
in three cases, slight in four, and moderate in two. Their electrocardio- 
grams appear in Figs. 1, 2, and 3. 

In seeking an explanation for the appearance of an abnormal electro- 
cardiogram in these cases without myocurdial degeneration or fibrosis, 
it may be noted that Case 7 had a very large heart and shows (Fig. 2C) 
the type of ventricular complex which lias been attributed to marked 



Tmw.i: CASK.t WITH AnNouM.M, V’r.NTnicrLAii CoMrw;x. No Patiioi.ooic Ciiaxucs j.v .MyocAntut M 
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lijTDertroplij of the left ventricle.^ However, Case 27 with aortic in- 
sufficiency and a heart much larger than that of Case 7, did not show this 
special tjTDe of ventricular complex (Pig. 3C) so that its association with 
left ventricular hypertrophy is clearly not obligatory. The low voltage 

A B a D 



Fig'. 1. — A. Case 1. B. Case 2, six months before death. C. Case 2, five days before 

death. D. Case 4. 

ABC 



T-wave of Case 27 might be explained as a result of the toxemia of the 
pneumonia, but the high voltage T of Case 5, also with pneumonia, 
aj^j^ears to clash with this idea. The abnormal of Case 1 might be due 
to the occurrence of moderate coronary arteriosclerosis and slight fatty 
infiltration of the myocardium in an adipose individual with a transverse 
liosition of the heart. 
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Case 2 Jiad previously been a{Iniillefl for an atlack thou',4it to be a 
minor coronarj' closure, at wbicb time the T-wave was diphasic iti Lead 
TI (Fig. 17J). Tiie recoi-d just })cfore death was normal (Fig. 1C). 
Slight coronaiy arloi-ioscloi-osis and slight. hy})erl.rophy were the sole 
morphological findings. It is ]>ossible that the fsirlier T-wavc ciianges 
were on a basis of functional muscle disturbance, due to coronary nar- 
rowing and a deficient blood flow v.'hich liad not yet i'(;su)tcd in morpho- 
logical changes in the mu.scle fibers or interstitial tissue, ft is impossible 
to deny however that more e.xfcnsive .section cutting might have dis- 
covered areas of morphological change. 

In Case 22 the hepatic toxemia might cxjilain the low voltage QRS 
group. No explanation seems possible for the low voltage, nolelied QHS 



with large T of Case 5 or for the wide notched QRS with isoelectric Ty 
of Case 6. One can only fall back on the rather weak plea that more 
extensive microscopic sections from tlie.se hearts might have discovered 
localized changes in morphology. Tlii.s, however, does seem to be a likely 
explanation of the failure to find structural changes in Ca.ses 4 and 14 
with typical right hundlc-hrancli block* for v.a Imow that a .sanall lesion 
in the septum affecting the bundle branch ti.ssue might cause this and a 
detailed sectioning of the bundle area would he needed to find a .small 
lesion. 

Table 4 gives the details of the 38 cases with abnormal ventricular 
complex and with morphological changes in the myocardium. These 
have been roughly gi'ouped according to whether the myocardial changes 
were .slight or marked or intermediate. There are ten with .slight changes, 
3 of tliese witlj a clinical diagnosis of heart disease, 14 -with moderate 
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cliauges, with six eases of clinical heart disease, and 14 with marked 
changes, 10 with clinical heart disease. 

Eeviewing the electrocardiographic features of the 53 cases of Tables 
2, 3, and 4, one fails to find a close relationship between the degree 
of the pathological changes and tlie character of the electrocardiographic 
abnormality. For example. Case 21 of Table 2 had increased interstitial 
tissue especially in the left ventricle, and gave a normal electrocardio- 
gram, while Case 24 of Table 4 which had slight fibrosis throughout 
both ventricles and Case 18 of Table 4, which had acute purulent myo- 
carditis with edema and poljTnorphonuelear cells in the stroma, had an 
electrocardiogram with notching and slurring of the QKS group. Case 
24 had less evidence of disease than Case 21 whose electrocardiogram 
was normal. Case 18 had more evidence of disease than Case 24, yet the 
electrocardiographic changes were the same. Note also Cases 26 and 43 
of Table 4, each of which had an im^erted Ti of the coronaiy type. 
Case 26 showed a mild fibrosis of the myocardium with a few areas of 
lymphocytic infiltration and few areas of slight edema. Case 43 showed 
cicatricial scars of the myocardium, roughened pericardium and, on 
microscopic examination, marked fibrosis. Moreover, Case 30 with only 
small areas of fibrosis in the myocardium, showed the electrocardiogram 
of left bundle-branch block. 

There were, however, some noteworthy associations of electrocardio- 
graphic features with pathological pictures. There were ten cases with 
marked eoronar.y and acute degenerative myocardial changes. Six of 
these (Cases 25, 33, 44, 45, 47, and 50) gave electrocardiograms vnth 
abnormal elevation or depression of the S-T interval. Infarcts were not 
always found in these hearts but it is possible that in those without 
mfarcts'the marked degenerative myocardial lesions present would affect 
the electrical curve as does an infarct. Of the four other cases with 
degenerative myocardial changes (Cases 35, 40, 54, and 61) one gave 
the electrocardiogram of right bundle-branch block (Case 40) and the 
other three showed the coronary T-wave commonly associated with a 
healing coronary lesion. It is of interest to find that all ten hearts with 
marked myocardial changes due to coronary arteriosclerosis were asso- 
ciated with abnormal electrocardiograms, and all except the one with 
bundle-branch block showed the T-wave changes commonly recognized 
as associated with some phase of acute myocardial degeneration. 

Of the 5 cases vdth a T-wave of the coronary type, three (35, 54, and 
61, Table 4) showed coronary thrombosis or areas of necrotic myo- 
cardium. One case (43, Table 4) showed a roughenmg of the peri- 
cardium with fibrin formation which might have been the cause of the 
T-wave peeuliaritj’-,^ while the other patient (26, Table 4), who died 
of uremia, failed to show any focal lesion and only slight coronary 
and mjmeardial changes. The predominance of focal myocardial lesions 
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ill these five cases is an impoilant confirmation of tlie frequent associa- 
tion of this coronary T-wave with the less acute pliases of focal myo- 
cardial lesions due to coronary narrowing or occlusion. The other two 
cases serve to emphasize the fact previously demonstrated, that this 
is not a constant association and may be the result of a different type of 
myocardial disease. 

It is difficult to consider the anatomical basis of the individual ab- 
normal features of the eleetrocardiogTam because these rarely occurred 
alone in this series. Certain cases, liowever, showed only a single ab- 
normality of the curve. Tlie one ease wlio.se record showed a large Q.; 
as the sole abnormality (Case 1, Table 3), was found to liave a trans- 
verse heart, moderate coronary arteriosclerosis, .slight fatty infiltration 
of the myocardium but no degeneration or fibrous changes. There 
were six cases whose records showed a QRS group significantly notched 
and slurred ^vith normal T-waves. None of these had a normal myo- 
cardium. Two showed slight and four, moderate, diffuse myocardial 
changes. Two with right axis deviation of QRS (IS and 39, Table 4), 
had mitral stenosis and moderate diffuse myocardial changes. Two with 
left axis deviation (24 and 42, Table 4) had atheromatous coronaries 
and slight diffuse myocardial fibrosis. Two others with left axis devia- 
tion. (13 and 52, Table 4), and with an increased duration of QRS as 
well as notching, showed very large hearts (750 gm.), coronary arterio- 
sclerosis and moderate diffuse myocardial changes. That these two 
very large hearts were the only ones of the six Avith notched QRS to 
shoAv abnormal duration as Avell, is in favor of LeAvis’ suggestion that 
abnormal duration of QRS may be due to a considerable increase in 
thickness of the left A^entricular muscle^ and against Wilson’s contention 
that abnormal duration is usually due to an intraA'entricular conduction 
defect.^ 

A further study of the relation of heart size and QRS duration in 
this series fails to give unqualified support to either theory of its causa- 
tion. Considering the QRS duration in all records Avith left axis dcAua- 
tion, excluding those diagnosed as bundle-branch block, it is found that 
the aA’-erage heart AA'eiglit of the 15 Avitli a normal duration AA'as 485 gm. 
AAfiiile the average heart Aveight of the 11 AAuth increased duration aa'bs 560 
gm. This suggests a direct relation betAA’een heart size and QRS duration 
but there are tAAm very large hearts (case 15, 680 gm., and case 8 , 800 
gm.) AAuth a normal duration of QRS and one Amry small one (case 57, 
275 gm.) AAuth increased duration. Heart size eA'idently need not cause 
QRS prolongation and cannot be its sole cause. One must, of course, 
consider the possibility of a disproportionate thickening of Die left 
ventricle AAdiich might prolong the spreading of the contraction more 
than it Avould contribute to an increase in heart size. 
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Low voltage of QllS was the sole abnoi'nial feature of the curve in 
one case (22, Table 3) dying of liver ioxcmiji, and in one other ease 
(5, Table 3) it was complicated by a higli voltage T-wave in a patient 
with bronchopneumonia. Neither of these hearts showed morphological 
myocardial changes, tliough in the first one there vms moderate coronary 
arteriosclerosis. In all eight hearts with only QKS changes in the 
electrocardiogram tlie myocardial changes were negative, slight, or mod- 
erate. No instance of marked changes occurred. 

AVhen the T-wave was inverted, isoelectric or dipliasic in Lead I (7 
cases), in Leads 11 and ITT alone (fi cases), or in Leads I and II together 
(10 cases), tliere was usually .some other abnormal feature in the curve. 
In eacli of these groujis the de<ri-ec ami the cl)aracter of the pathological 
changes were so varied tliat it would be im]>ossi])le to say that there was 
a predominant association. 

The bundle-Vjrancli block cases are interesting as to the varied extent 
of the pathological changes discovered, for it is found that of five with 
right bundle-hranch block two did not ]-eveal any morphological myo- 
cardial changes except liypertrojihy, one showed moderate changes, and 
two marked changes. Of the two cases witli left hundlc-hranch block, 
one showed slight changes and one marked. 

There were only six cases of 7-heuina1ic valvular disease. One of these 
had a normal elcelrocai’diogram (Case 20, Table 2), and one with right 
bundle-branch block had a negative myocardium (Case 4, Table 3, and 
Fig. 1). The other four liad varied myof*ardial and electrocardiographic 
abnormalities. 

There were only six cases with slight coronary arteriosclerosis uncom- 
plicated by any other condition wliicb might have affected the eleetro- 
cardiogi’am. Two of tlicse had a normal myocardium and normal electro- 
eardiogram though one had shown a diphasie T 2 six months before death 
(Case 2, Table 3, and Fig. 1). One had a normal electrocardiogram 
vath slight increase of fibrous tissue in the left ventricle (Case 48, Table 
2). The other three showed various tj*pcs of myocardial and electro- 
cardiographic abnormality. Tliese cases are too few of either rheumatic 
or slight coronaiy ai-terio.selerotic disease to allow any concliTsion to be 
drawn except that either may exist with or without myocardial changes 
and with or without eleetroeardiogi’aphie abnormality. In either etio- 
logical group those eases with definite myocardial changes are much 
more likely to have eleetrocardiogi-aphie abnormalitj' than are those with 
normal myocardium. 

Three patients died of uremia, 26, 61, and 43. They showed various 
degrees of coronaiy arteriosclerosis and myocardial disease, and case 26 
onlj’ .slight changes. It is significant that all three .showed T^ inversion 
with the “coronaiy type” of cuive. This association has been also noted 
by others. 
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A review of the literature revealed but few comparable observations. 
Either the electrocardiographic criteria were not clearly stated or the 
autopsy reports did not include a. statement of microscopic findings, or 
only cases with abnormal electrocardiograms had been considered. 

Nathansoii*^ published 7 suitable ease reports (his series numbers 
1, 2, 3, 5, 6, 7, 9), but only reported upon cases showing an abnormal 
electrocardiogram. In each heart he foimd marked coronary and myo- 
cardial disease. 

Willius and Bi’oato' published 20 suitable case reports (cases 2, 3, 
5-8, 10, 11, 12, 14-19, 21-25) 9 with normal and 11 with abnormal in- 
version of T (Ti or To). Tliej’ did not consider any other abnormality 
of the ventricular waves, except T-wave inversion. Pour eases showed 
normal T-waves and normal muscle, 9 showed abnormal T-waves and 
abnormal muscle, 5 showed normal T-waves and abnormal muscle, 2 
showed abnormal T-waves and normal muscle. This represents agree- 
ment in 65 per cent, disagreement in 35 per cent, very lil^e the agree- 
ment in 75 per cent and disagreement in 25 per cent of tlie present 
group. 

Saphir, Priest, Hamburger, and Katz® studied a series of cases found 
at autopsy to have' ‘'advanced coronary arteriosclerosis 19 of these 
had suitable autopsy reports and electrocardiograms and all showed ab- 
normal records and definite myocardial changes. 

Eykert and Hepburn^ studied 20 cases showing a special type of ab- 
normality of the electrocardiogram seen in Fig. 2(7 which they believed 
due to marked left ventricular preponderance or hypertrophy. All but 
four of their eases showed definite morphological myocardial changes 
of various types but these four showed only hypertrophy of the individ- 
ual muscle fibers. 

The only series of cases really comparable with the present one are 
those of Markel and Pardee® with 10 cases and blaster and Pardee^® 
with 11 cases, two of which are unsatisfactory because of digitalis ad- 
ministration having affected the T-waves. The 19 suitable cases of these 
two series were studied in much the same manner as the present group 
and included 3 with normal electrocardiograms and normal myocardium, 
16 with abnormal electrocardiograms and abnormal myocardium, there 
being no such lack of agreement as was found in the cases of Tables 
2 and 3 of the present group. These 19 cases showed on the average 
more marked pathological changes than the present series, probably 
because they were selected solely from the medical wards and did not 
include some of the less important cardiac lesions found in the present 
group selected from the autopsy service of the entire liospital. 

DISCUSSION 

From these observations it seems that the only electroenrdiographic 
abnormality which we can constantly associate with severe morpliological 
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changes is an abnormal deviaiion of the S-T inicrval, Furllier, vdien 
the T-\vavc is not inverted, even llioiigh there l)e abnormalities of the 
Q1?S group or a low voltage of we should exj)ect to find mild rather 
than severe lesions. 

Case 7, Table 3, and four cases J‘ej)ortcd b^" Kylccrt and JJej)burn, 
suggest that marked left ventricular hypcrtro])hy without other morpho- 
logical changes may at times cunse a eluu'aclerislie deformity of QKS, 
and T and the S-T interval. 

The finding of a noianal record docs not exclude the ]>rc.sence of slight 
or moderate interstitial fibrosis or a subacute inflammatory reaction in 
the interstitial tissue, for such things were found in the cases of Table 2. 
()n the other hand, an abnormal rccor<l, evmi of right bundle-branch 
block does not with certainty indicate the iiresencc of coronary disea.se 
or of morphological myocardial changes of any considerable extent. 
Blight coronaiy arteriosclerosis was .sometimes associated with an ab- 
normal electrocardiogram, more usually .so when there were also morpho- 
logical myocardial change.s. Coronary arteriosclerosis, if more than 
.slight, was always as.sociated with an abnormal electrocardiogram. TUieu- 
matic valvular disease was also more likely to be found a,s,sociated with 
an abnormal elect rocardiogi'am when niyocardi.'d change.s were ]>resent. 

The clo.sest I’olation between the myocardial changes and the electro- 
cardiogram was found in the group with marked coronary disea.se. All 
of the.se hearts gave electrocardiograms with definite abnormalitie.s mid 
when there were large areas of degenerated myocardium the T-wave 
change.s commonly associated with coronary disease were always pres- 
ent — either the ll-T deviation associated with infarction or the coronary 
T-wave a.s.socialcd with a healed or healing lesion. 

The lack of correlation between the morphological myocardial changes 
and the electrical curve is explainable on several grounds. Since the 
electrical curve is jiroduced by the action of the muscle fibers, a deficient 
coronary flow may conceivably cause changes in function without for a 
time, changes in .structure taking place (Case 2, Table III, and Fig, 1, 
B and C). ^Nforeover, it seems ])os.sihle that similar functional change.s in 
the mnscle may arise witli different strnclural backgrounds. This is 
apparent in the ca.ses of Tables III and IV, where similar ventricular 
comi>lexe.s are seen to arise with a quite different myocardial picture. 
Some of the instances of failure to find myocardial changes (Table III) 
may be due to the limited amount of the myocardium examined micro- 
.sco]ncally. This is especially so in the eases with light bundle-branch 
block, for here a relatively small lesion involving the bundle branch 
would not attract attention on gro.ss inspection, and sections of the af- 
fected area would not be made. 

It is felt that further progre.ss in correlation of elect rocardiogram.s and 
autop.sy findings will only he po.s.sible when the myocardium is examined 
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in more nnmerons areas and particularly in relation to the position of 
the heart in the chest. Many of the anatomical descriptions in these 
autopsy protocols referred to the heart in such a way that it was not 
possible to decide whether the lesion was on the anterior or diaphrag- 
matic or posterior or lateral walls of the heart. This geographical dis- 
tribution of lesions is very important in its bearing on electrocardio- 
graphic diagnosis and tlierefore warrants much more attention than it 
has previously received. 

SUMMARY 

Sixty cases have been studied in attempting to determine a relation 
between the character of the ventricular complex of the electrocardio- 
gram and tlie pathological findings in the ventricular myocardium. 

Of 13 cases with a normal ventricular complex, a normal myocardium 
was found in 7. In the other six there were slight morphological changes. 

Of 47 cases with abnormal ventricular complexes a normal myo- 
cardium was found in 9 (19 i^er cent). The abnormal features of the 
electrocardiograms in these 9 cases were similar to those found in other 
cases which revealed slight or moderate pathological changes in the 
myocardium. In the other 81 per cent of cases Avith abnormal ven- 
tricular complexes there were definite myocardial changes. lYhen the 
electrocardiogi’aphic abnormality involved only tlie QRS grou]), the 
T-AvaAm being normal, there AA'ere found only slight or moderate myo- 
cardial changes. 

Although there AA^as, in general, an association of increased duration 
of QES Avith cardiac enlargement, yet there Avere notable exceptions. 

When the T-AvaA^e Avas abnormal, Avith or A\lthout QRS abnormality, 
there aa^s a great range in the extent and the degree of the myocardial 
changes discovered. A frequent but not constant association AA-as seen 
betAA'een the coronary T-AAmve and focal myocardial lesions. There AA'as 
a constant association betAA-een an elevated or depressed S-T interval 
and the finding of areas of acute myocardial degeneration, though not 
alAvays Avith areas of infarction. The Amntricular complex attributed to 
marked left A^entricular hypertrophy affords an exception to this state- 
ment regarding the S-T intei’Aml. 

Right bundle-branch block occurred tAvice Avithout morphological 
myocardial changes being discoAmred and three times AAnth such changes. 
Left bundle-branch block occurred twice, each time associated Avith myo- 
cardial changes. 

A revieAA^ of the literature shoAA’ed a fcAA’ comparable studies, all of 
Avhich AA^ere in general agreement AAnth these findings. 

The authors wish to acknowledge their indebtedness to Dr. Robert A. Moore for 
help in reviewing many of the microscopic sections. 
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OBSEEVATIONS ON THE CAE-DIO-ACCELERATOR EEPLEX 
PEOM STBIULATION OF THE SKIN TEj\'IPEEATUEE 

EECEPTORS^t 

Simon Benson, Ph.D. 

Chicago, III. 

I. THE INFLUENCE OF AGE UPON THE EFFECT OF SKIN TEJIPERATURE 
STIMULATION ON THE HEART KATE 

A S IN2HCATED in onr previous report,^ the heart rate appears to be 
inflneiieed to a miieli greater degree bj’’ the skin temperature than 
by tile body temiieralure itself. That is, by lowering or raising merely 
the skin temperature, the heart rate may be decreased or increased, quite 
independently of any changes in the body temperature. 

Further studies now seem to indicate that the efficiency of this reflex 
action between the skin sense organs and the heart rate tends to vary 
inversely as the age of the individual. That is, the sensitivity — the 
degree and promptness — ^^vitll which the heart reacts to the skin tempera- 
ture changes, becomes less pronounced with age. We have aimed to 
illustrate this modifjdng influence of age in Charts 1 to 6. 

The media employed in changing the skin temperature were water, air, 
and radiant heat. For the water applications we used a Crane continu- 
ous flow tub in which the inlet is constructed to mix the incoming flow so 
thoroughly as to insure a temperature uniformity of within one degree 
throughout the tub. Tlie assurance of such uniform temperature 
throughout the tub is of high importance in such tests as these discussed 
liere, since we have found that variations in skin temperature over such 
a fractional body area as tiie foot and lower leg, exercise a definite in- 
fluence upon the heart rate. 

Pig. 1 shows our set-up as used with tlie water bath. As mentioned in 
our previous report- we obtained by this method a continuous mechanical 
recording of the bath (skin) and body temperatures as well as the pulse 
(heart) rate. 

For the hot air-radiant heat applications, we used a Burdick hori- 
zontal type cabinet, slig.htly modified for our experiments. The tempera- 
ture changes and the heart rate were obtained by the same mechanical 

♦From the Department of Physiologry, University of Chicago. 

fThese studies vrere made possible primarily tlirough tlie efforts and support of 
Professor A. J. Carlson, chairman of the department of physiologj', and also through 
the cooperation of Athletic Director T. N. Metcalf in ■whose department the tvork yas 
carried out. Our thanks also go to Dr. E. B. Bay, associate Dean of Rush Medical 
College, for helpful criticism of the manuscript 

The following companies furnished most of the apparatus necessary: 

■ Consolidated Ashcroft Hancock Co., Inc. ; The Brown Instrument Company ; The 
Burdick Corpoi-ation ; The Crane Company ; The Powers Regulator Company. 
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inotliods as doscriltod above for tbft wafer balb, itxeept that (he air tern- 
pend lire of the eabiiiel was read by means of a mereury thiTmometer 
placed about six or eiuhf inches from the body. The initial temperature 
of the cabinet was about F. for each experiment, ami the thennom- 
oter was rend at flve-minnti: intervals, or oftener, throntdiont tlie exjieri- 
wicnl. 



In view of the relationshijis indicated in this paper between the bath 
(shin) temperatures and the heart rate, it should be emphasized here 
that while the lem])erature of the water is transmitted uniformly to all 
parts of the .skin submertred. the temperature of (he hot air and the 
radiant energy are not transmitted witli ecpial uniformity to all parts 
of the skin enclosed in (lie cabinet. The reason 1)0(11”:, of eoui'se, that the 
part of the body (usually the back) resting on the lloor of the horizontal 
cabinet cannot be directly affected by the radiant heat, emitted from the 
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top and sides of the cabinet, nor very effectively so by the hot air itself. 
This fact, no doubt serves to explain in part, the difference in effects 
upon the heart by the -water hath and the radiant heat-hot air hath. 



Tlie relationships indicated helo-w, were obtained by dividing the 
change in heart rate, CHR, by the change in batli temperature, CBT, 
observed during some chosen time period. (The bath temperature is 
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considered equivalent to the skin surface temperature.) In Chart 1, 
then, if the increase in heart rate, CHR, during the first twenty-five 
minutes he divided hy the rise in bath temperature, CBT, during the 
same period, we obtain the following relationship : CHR/CBT = 51/62 




Ci C\ ^ °c r\ 
G\0\ C\ 0\ 


O 

s 



= 0.82. That is, as the bath temperature rises one degree Fahrenheit, 
the heart rate increases 0.82 of one heat. 

A similar relationship is also obtained when the hath temperature is 
lowered : From the 65th to the 75th minute. Chart 1, there is a drop of 
26 degrees in the hath (skin surface) temperature, and the heart rate 
decreases 28 heats. The ratio of CHR/CBT in this case becomes 
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28/26 == 1.07. TJlis is soinowliat higher iJifin the 0.82 obtained above, 
and the average oi! tlie 1,wo figures, 0.82 ])lus 1.07, namely 0.95 is probably 
the more correct value here. Hence, in the case of thi.s twenty-year-old 
individual, when he is .subjecicd to a dry air-radiant heat bath, his heart 



rate changes about 0.95 of a beat for each degree change in the bath 
(skin surface) temperature, or almo.st one beat for each degree. 

In the following, all decreases in temperature were measured during 
ten-minute periods, while the increases wei'e taken in periods varying 
from fifteen to fort 3 ^-five minutes. This is due cliieflj" to the fact that 
these experiments were not originallj' designed for the specific purpose 
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for wMcli we are using the results here, and the set-np was entirelj^ dis- 
mantled before the relationships discussed here were noticed. However, 
the ratios, CHR/CBT, do not seem to he materially influenced by a 
difference in time, which, after all, might be expected, since time is not 
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a factor in the actual calculation. The average time period for tlie ex- 
periments involving increases in temperature, was twenty-eight minutes. 

In the tables submitted, the indmduals have been grouped ac- 
cording to age : first, those below twenty-five years of age; second, those 
between twenty-five and forty years: third, tliose between forty and fifty- 
five years; and finally those above fifty-five years of age. Had we, at 
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the tune of the experiments, become aware of the relationships indicated 
))elow, it goes without saying that more data would have been obtained 
from older individuals. 

Any conclusion to the effect that the indicated influence of age is al- 
ways present, may he questioned because of the limited number of experi. 



meuts conducted on older subjects, but it may also be strengthened by 
stating that in more than 50 experiments run upon younger subjects 
(athletes), none of them exhibited such a low CHR/CBT value as did the 
oldest subject — namely, that of 0.161. One of the lowest values obtained 
on a younger subject was that of 0.325, shown in the above table, on a 
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twenty-seven-year-old individual, and it is to a large degree upon this 
indirect support that we have ventured to submit our present deductions. 


AGE 

CHR/CBT 



20 

0.945 



20 

0.633 

Average : 

0.700 

25 

0.520 


27 

0.325 



34 

0.504 



36 

0.502 

Average : 

0.458 

‘ 39 

0.502 


48 

0.466 



49 

0.292 

Average : 

0.325 

59 

0.161 

-Average : 

0.161 

Average ; 35 

0.4S5 




On the basis, then, of the above figures, and using the two extreme 
values of CHR/CBT, namely, 0.945 and 0.161, the efficiency of this skin- 
heart mechanism is nearly six times greater in an individual twenty 
years old than it is in one at the age of fifty-nine. A more correct rela- 
tionship is probably to be obtained by using 0.70 to represent the value of 
CHR/CBT at the age of twenty, in which case it becomes 4.3 times as 
great as that in tlie fiity-nine-year-old individual. 

A search of the literature has failed to reveal any information dealing 
with the x)roblem of the influence of age upon the CHR/CBT ratio, al- 
though some such relationship seems to exist in the case of sinus 
arrhjdhinia,^ a heart irregularity found more frequently in younger indi- 
viduals than in older ones, and thus seems to disappear with the approach 
of age. In the case of the CHR/CBT relationship we are therefore 
forced to base our tentative deductions entirely on our ovm observations 
and upon the indirect information gathered from the literature. Upon 
such basis, then, it appears to us that the explanation of this marked 
influence of age upon the reflex efficiency, as expressed by the term 
CHR/CBT, may be found in some, or all of the following: (1) Greater 
power for compensating in the older individual; (2) A decreased 
efficiency, with age, of the entire reflex arc involved in the reaction; (3) 
A decreased sensitivity (increased threshold) in the skin temperature 
receptors themselves; or (4) A thickening, or di'ying (decreased heat 
conductivity) of the skizi tissue surrounding the temperature receptors. 

Of these four suggested explanations, the last one appears to us for the 
moment as the most plausible. That the threshold of the skin sensory 
organs increases vnth the thicloiess of the sldn appears to have been long 
recognized. In the case of the temperature receptors, Weber^ attributes 
the variation in threshold to a decreased heat conductivity due to a 
thickening of the sldn. drav^ a somewhat similar conclusion 

in regard to the sense of touch, the threshold of which depends “on the 
particular skin surface under the test.” 

Further substantiation favoring this mew, is found in the anatomical 
condition that “There are, in man, probably no ''end organs’ in the 
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epithelium of the skin . . (Walerston''). If the lalter is correct, it 
seems quite self-evident that the threshold must increase with any 
changes in the skin structure — such as increased thickness and dryness — 
in fad, anything vliich would lend to deci'caso the heat conductivity 
of those jjarls of the skin which surround the temperature receptors. 
According to Puttei’,” water has a heat conductivity of 0.00135, and the 
di’v hide of one of 0.00042; and from this he calculates the heat con- 
ductivity of the normal moist, skin to he 0.00133, indicating that the heat 
conductivity of the skin vai’ics directly as the moi.sturc content. The 
question then arises as to Avhether or not such a change occurs in the 
human skin as the individual grows older. 

Once the individual has reached maturity, the skin tends to a.ssume 
a tougher and less elastic structure with increased age. There is a lo.ss 
of water content which, we are told, is considered one of the chief reasons 
for the wrinkling of the skin. This water loss may represent hut a .small 
portion of the total .skin moisture, to he sure; hut if, on the other hand, 
it is derived ehicfly from the superficial .skin layer covering the tempera- 
ture receptoLs, it may dehydrate this layer sufficiently to inhibit mark- 
edly the stimulation of the temperature receptors hy external heat ap- 
plications. 

Such a dehydrating effect in the superficial skin layer could, in it.self, 
he .sufficient, perhap.s, to explain the feebler reactions in the oldci' 
individuals, hut it would suffice as an explanation only in case the heat 
stimulus were of insufficient .strength to overcome this increase in .skin 
resistance. Should the heat stimulus be sufficiently inten.se to penetrate 
the resistance without a very great proportionate loss of strength, then 
one .should not expect any marked difference in reaction between the 
moist and dehydrated .skins.^ 

II. THE CO:UPARATIVE EI'PECT UI'O.N THE HEART RATE OF THE DRY AIR- 
RADIANT HEAT RATH AND THE W.VTER HATH, PER DEGREE CHANGE 

I.N TEAIPERATURE 

In view of tlie relationship OITll/CBT obtained in the ca.se of the 
dry air-radiant heat hath, it seemed desirable to determine, if po.ssible, 
the value of this relationship in the case of the water hath. For .such a 
comparison we have tried to select the data on a basis similar to that 

“As for whatever immedf-ite value our deduction.': may ha\’e, we believe It will 
be of a clinical nature — particularly In the application of heat treatments, as well 
a.s of cold packs. Upon the basts of the data submitted. It appe,ars that a heart rate 
of, say 125, m.ay prove entirely safe in a younBCr Individual, but quite the opposite 
in a man fifty or sixty years old. In other words, the truest significance of a 
change in heart r.ate, when induced by temperature change.?, can be best obtafne<l 
by considering such a change in r.ate, not only In relation to the magnitude of the 
temperature change but also in relation to the individual’s age on a basis similar, 
perhaps, to that of blood pressure. 

In the case of an increased heart rate from fever of infectious origin, the skin 
is heated from within by the circulating blood in place of from wdthout by external 
media. The important factor in either ca.so being the heating of the .skin and the 
accompanying stimulation of the temperature (thermocouple) receptors. 
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■upon which the data for t]ie dry air-radiant heat hath were chosen, and 
from as many of the same individuals as possible. The most important 
omission being tliat the oldest subject, age fifty-nine, had not been used 
for the water experiments. As in the previous table, the subjects have 
been grouped according to age: 


AGE 

CHR/CBT 



19 

2.4 



20 

2.9 



22 

3.7 



23 

4.2 

Average : 

3.3 

24 ■ 

3,3 



25 

3.3 



26 

3.7 



27 

3.8 

Average : 

3.6 

39 

3.4 



4S 

2.6 

Average : 

2.6 

Average ; 27 

3.3 




From tliese results it is quite obvious that, per degree change in tem- 
perature, the water Ijatli exerts a much greater influence upon the slrin 
sense organs — and upon the lieart rate — than does the dry air-radiant 
heat bath. Using the average results obtained from each medium, the 
relationsliip between tlieir effects on the heart is found to be about seven. 
That is, (CHR/CBT)'V(CHR/CBT)"‘‘-^'’ equals seven. Per degree 
change in temperature, tlien, tlie water batli stimulates tlie slcin sense or- 
gans as well as the heart rate, 7 times as much as does tlie dry hot aii‘- 
radiant heat bath. In one individual, it was found to be 13 times as great. 
The possibilities of utilizing this marked dift'erenee in physiological effects 
from the two Uqjes of baths, for therapeutic as well as diagnostic pur- 
poses deserve a lengthier and more thorough consideration than can be 
devoted to them here. 

In the case of the water bath, there appears no such distinct varia- 
tion in effect, according to age, as Avas observed Avith the dry air-radiant 
heat bath. As preA'iously indicated, this might be explained by as.sum- 
ing that the stimulation deliA'ered by the hot Avater is .sufficiently poAver- 
ful to penetrate any increased resistance in the .suj)erficial .skin layer 
Avithout much loss of poAA'er. In such case, the greater resistance offered 
by the skin of an older individual AA'ould be insufficient to inhibit 
markedly the stimulation of the temperature z-eceplors, and consequently 
the value of CHE/CBT Avould not Amry with age. There appears, hoAv- 
CA^er, another explanation AAhich, to us, seems equally important, espe- 
cially if combined Avith the one ah-eady proposed. This explanation is 
based on the assumption that sufficient AAmter is imbibed by the .super- 
ficial skin layer to restore its heat conductivits- to that of a young moi.st 
skin. This Avould then permit the AA'ater to deliver the heat stimulation 
to the skin sense organs Avith equal eftectiAnness in both young and old 
subjects. 
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]\Ietabolic tests, -when made, were taken just before and after the 
heat application. These te.sts, liowever, give no indication of any direct 
relationship l^etween metabolism and a rise in body temperature. In- 
deed, in only one experiment, Chart 1, does tbe metabolic rate rise defi- 
nitely above allowable exi)erimental errors, and in this case the in- 
creased metabolism seems to be due more to the .skin temperature than 
to the body temperature. One cannot fail to note the shai’p contrast 
in the metabolic changes induced by this form of bath and those re- 
ported in our previous article' on the cold douche. 

SUMMARY 

Under our exjierimental conditions, the heart rate appears to be not 
only affected and controlled more by the skin temperature than by the 
body temperature, but our results also .seem to indicate that the acuity 
and efficiency of this control decrease with the age of the individual, 
depending to some degree, however, upon the heating medium used. 

The efficiency factor has been derived by dividing the "change in 
heart rate” by the "change in bath temperature,” measured in degrees 
Fahrenheit and is represented bj' CHIl/CBT. 

■When the heating medium is a hot air-radiant heat bath, the value 
of CIIR/CBT is about 5 times greater in a twenty-year-old individual 
Hum it is in one fifty-nine yeare old. The highest value obtained was 
from a twenty-j-ear-old individual, namely 0.945, and the lowest value 
for CHR/CBT was from a fifty-ninc-year-old individual, namely 0.161. 

Four suggestions are submitted aiming to explain how the efficiency 
factor CHR/CBT may change in value with the indhuduaUs age. 

In its effect on the heart rate, the hot water bath is about seven times 
as .stimulating as is the diy air-radiant heat bath. That is, the average 
derived value of CHR/CBT in the dry air-radiant heat experiments 
was 0.475 while the average derived value from the water baths was 
3.3. The effects of the water bath upon the heart rate do not .seem 
to vary according to the individual’s age, as is the ca.se with the effects 
from the dry air-radiant heat bath. The reason for this axipears to lie 
in the much greater heat stimulation delivered by the water, and to an 
increased heat conductivity in the superficial skin layer, in turn caused 
by the imbibition of w'ater by the older dryer skins. 

Upon the basis of the results obtained, it appears that the truest 
significance of a change in heaii; rate, if induced by temperature changes 
— water bath excepted — can be best obtained by considering .such changes 
in relation to the individual’s age, on a basis similar perhaps, to that 
of blood pre.ssure. 

No definite relationship was ob.sen'ed between the baths and the 
metabolic rate, and in the few cases in which an increase in metabolism 
v,-as‘ noted, such an increase seemed to be related more closely to the 
skin temperature than to the body temperature. 
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THE CALCIFIED NODULAR DEFORMITY OF THE AORTIC 

VALVE^ 

B. .1. Claw.sox, M.D., J. F. Nohi.k, :M,D,, and X, H. Lufki.n-, M.D. 

IMikxkai'Oijs, 

'1 ’HIS type ot‘ cardiac disease, because of its clinical luanife.sta- 
A lions, frequency, and disputed etiology and pathogenesis, de- 
serves more emphasis tlian has generally been given to it. It is fre- 
quently overlooked, a7id death often oticurs suddenly or without mai-ked 
symptoms. ]\Iany patients nre nevei’ seen by a t)hysician. Physical 
findings are not always constant and because of associated cardiac pain 
the condition is sometimes diagnosed as coronary selei’osis. 

Christian^ in speaking of this form of hcaif di.sease thought that it 
should be recognized clinically more frequently. He referred to it as 
.still being considered I'clatively infrequently as a possibility in diag- 
nosis. This kind of valvular di.sease, according to him, is characterized 
by the following conditions: (1) occurrence chiefly in males relatively 
late in life; (2) slow progi-ess of the le.sion with .symjUoms of cardiac 
decompensation appearing late, though not necessarily prolonged after 
they develop; (3) the presence of a llnall and harsh murmur both 
systolic in time, often accompanied by a diastolic murmur; (4; con- 
siderable hypertrophy of the heart; (b) often a characteristic type of 
])ul,se and normal or decreased pulse i)ressuro; (6) the absenr-e of any- 
thing in the latter pai-1 of the di.sease throwing light on the etiology; 
and (7) the finding at autopsy of a very heavy heart with the aortic 
valve, greatly narrowed by thickened cust)s often adhei'ent to c,{ieh other 
and calcified- The reports of iMcL'inn and White,- Boas." and Omtratto 
and Levine^ agree in general with Cln-istian 's findings. 

i\rargolis, Ziellessen, and Barne.s" found that the most prominent fea- 
ture in their cases with regard to symptoms was the lack of any charac- 
teristic complaints. Often .symptoms referahlc to the cardiovascular 
sy.stem were absent. The findings in the patients who presented them- 
selves with cardiac .symptoms were not comstant. 

The frequency of this kind of heart di.sease and the raean.s of diag- 
jiosing it concern the clinician chiefly. The pathologi.sts are confronted 
with the task of explaining the etiology and pathogenesis of the con- 
dition. This type of valve disease, so commonly seen by the path- 
ologist at autopsy, is obviously frequently not diagnosed clinicall}'. 

There are two beliefs concerning the etiology of the calcified nodular 
deformity of the aoi*tic valve. First, tliere are those who are convinced 

*From the Department of Pathology, TJntverjslty of Alinnesota. 
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that the lesion is degenerative or metabolic in origin. The condition is 
often called the atherosclerotic valve. The concept of atherosclerosis 
depends in general on the "work of Monckeberg'' vlio after studying 
aortic valves in wliicli there was extensive calcification decided that the 
process bringing about the change in the cusps was tlie same as that 
found in the intima of the aorta in senile atherosclerosis. He held the 
opinion that the atherosclerotic process extended directly from the 
aorta to the valve by way of the sinus of Valsalva. His observations 
suggested that the change in the cusps was most pronounced at the angle 
where tlie cusps and aorta join. 

Libman,' Eibbert,® Geerling,” and Soval and Gross^*^ agreed with 
i^Ionckeberg in considering tliese deformities degenerative in origin. 
Soval and Gross recently, after examining liearts with this form of 
aortic lesion for many stigmata of rheumatic infection, failed to find the 
stigmata sufficientlj' constant to consider tlie change in the valves 
rheumatic or infectious in origin. These workers concluded that the 
j\Ionekeberg aortic lesion is purely and primarily degenerative, its oc- 
currence and extent depending in all probability on individual pre- 
disposition to collagen involution and calcium deposition. 

Eepresenting the second belief, Clawson” from a study of 93 cases 
decided, from the clinical histories and gross and microscopic struc- 
ture of aortic calcified valves, that the process is infectious. 'While 
atherosclerosis was not infrequently found in valves, especially the 
mitral, it was concluded that it is doubtful whether deformity severe 
enough to cause cardiac insutfieiency is ever due to a purely degenera- 
tive process sucli as atherosclerosis. 

Christian also concluded that the etiological relation of this lesion 
to rheumatic fever was very probable. Eleven of his 21 cases had a 
definite history of typical rlieumatie fever from thirteen to forty-eight 
years before the onset of cardiac insufficiency. In two others tlierc was 
an indefinite history of rheumatism. He consequently stated, '“Taking 
all of this into consideration, a rlieumatie etiology would seem liiglily 
probable from a study of these histories, a view that I have come to 
since my statement to the contrary in 1928 in Oxford Monograph on 
Diagnosis and Treatment.'' McGinn and White considered it evident 
that aortic stenosis was doubtle,ss often caused by infection, especially 
rheumati.sm. Boas lield a similar opinion. Contratto and Levine con- 
cluded that rheumatic fever was the most frequent and mo.st important 
cause of aortic stenosis. 

Margolis, Ziellessen, and Barnes apparently were not convinced as to 
the reliability of either belief. They concluded that the etiologj^ and 
pathogenesis of these valvular lesions could not be determined with 
certainty, but that clinical and anatomical data indicated tliat in some 
eases the lesions may have an inflammatory basis, whereas in otliers 
they may be tlie result of a noninflammatory degenerative process. 
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Since tliese aortic lesions have continued to be a frequent finding in 
autopsy material at tlie University of ]\Iinnesota and also at other 
places and because of the diversity of opinion among internists and 
pathologists concerning the frequency, the clinical course and findings, 
and the etiology and pathogenesis of these lesions, we decided to re- 
study our cases of nonsyphilitie aortic valve deformities, the so-called 
atherosclerotic valve as described by Monckeberg. This deformity of 
the aortic valve was called tlie calcified nodular type by Clawson and 
BelP^ in a former paper. This term will be used in a further description 
of the valve in this discussion. 

The group is studied from tlmee angles: (1) clinical characteristics; 
(2) frequency; and (3) etiology and pathogenesis. 

CLINICAL CHARACTERISTICS 

It was not possible to obtain clinical histories of all of our 200 patients. 
Some had died, others died suddenU”^ witliout knovm symptoms and 
the amount of history obtained from some was too small for use in 
drawing any conclusions. The things considered in the clinical findings 
were age, sex, incidence of acute rheumatic fever, rate of development, 
sudden death, and symptoms and signs, such as dyspnea, precordial 
pain, thrills, and murmurs. 

Age . — A clinical characteristic, commonly emphasized, is that the 
disease is one of old age and that most deaths occur in the older decades. 
The youngest in Christian’s series of 21 patients was 30 years; 13 were 
over fifty and 7 over sixty; only 8 were under fifty. In the series of 
41 reported by Margolis, Ziellessen, and Barnes only 3 were under forty 
years, 3 between forty and forty-nine, and 35 were fifty or more years 
old. Cabot ’s series^® of 27 .showed 5 to be under forty years, 7 between 
forty and forty -nine, and 15 over fifty. It is seen, in the total of these 
three series (89) that the majority of the patients lived to be fifty years 
or older. McGinn and White found their cases to be cliiefly older per- 
sons. The ages in the 180 cases reported by Contratto and Levine 
ranged from thirteen to eighty-one years. The largest number occurred 
in the sixth decade. 

We had 200 patients in our series. The ages are recorded in per- 
centages in Fig. 1. One per cent of the cases was in the second decade, 
6 per cent were in the third decade, 13.5 per cent in the fourth, 18,5 
per cent in the fifth, 22 per cent in the sixth, 22.5 per cent in the seventh, 
14 per cent in the eighth, and 2.5 per cent in the ninth. Seventy-nine 
per cent of the patients were fifty or more years old. The greatest num- 
ber was in' the seventh decade. Our findings agree with those of other 
observers in showing that this kind of aortic valvular lesion is found 
chiefly in older people. 
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It has repeatedly been pointed out that the calcified deformity 
of the aortic valve predominates in males. Fifteen of Christian’s 21 
cases were found in males. In Cabot’s series 25 of 28 and in that of 
Margolis, Ziellesseii, and Barnes 34 of 42 were males. Males also pre- 
dominated in the cases reported by McGimi and 'Wliite and by Con- 
tratto and Levine. • 

We have found this greater preponderance of males to be present in 
our material. In 200 cases of what in our opinion would pass as the 
Monckeberg aortic valve disease 165 were in males and 35 were in 
females. This does not give the proportion which should be expected 
in a cross section of the population in this locality dying with this dis- 
ease, for the proportion of males to females in our autopsy material in 
the decades in which most of the patients died is 2 to 1. In a series of 
15,937 autopsies studied by McCartnej’- (personal communication) the 
number of males and females in the first three decades were practically 
equal. The fourth to the seventh decades, inclusive, showed tiie ratio 
of males to females to be approximately 2 to 1. Our eases of calcified 
aortic valve deformities should accordingly be about 165 males to 70 
females, which shows the males still to be much more common in the 
group, a ratio of slightly over 2 to 1. 

BJieumatic Fever . — In discussing the characteristics of this group, 
Cliristiaii gave as one point a history of rheumatism in early life. Such 
a history was present in 11 of his 21 cases. The rheumatic attacks 
occurred from thirteen to forty-eight years before the onset of cardiac 
insufficiency. Some ' had repeated attacks. A history of rheumatic 
fever was obtained in 23 per cent of autopsied cases and in 46 per cent 
of the clinical series reported by McGinn and White. Contratto and 
Levine found a definite history of rheumatism in 31.7 per cent of their 
cases. Evidences of one or more attacks of acute rheumatic fever were 
frequent in our series; a positive liistory was reported in 35 per cent. 
The frequency was great enough to suggest strongly a causal relation- 
ship. This is discussed more in detail under etiology. 

. Rate of Development. — Christian’s observation that this type of aortic 
valve deformity develops slowly was confirmed by the clinical and 
pathological findings in our material. This slovmess was particularly 
indicated by the length of time between the last attack of rheumatism 
and the beginning of clinical symptoms, by the large amount of calcium 
in the cusps and by tlie smootli condition of the intima of the aorta 
(described more fully under etiologjG- 

Sudden Death . — The frequency of sudden death has been empiiasized 
by i\Iarvin and Sullivan,^ by IMargolis, Ziellesseii, and Barnes, and by 
Laplace.^“ We found that sudden death occurred in 15 per cent of 
our 200 cases. This frequencj’- may be unduly high, as the coroner’s 
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anfopsios -vvci'c included in our material. The calcified aortic heart 
disease has to he considei'cd with coronary sclerosis and syjihililic 
aortitis as a medicolegal cardiac case. 

Sympioim and ,S'(V/?is.— One hundred cases with fairly good histories 
were selected foi' a study of clinical syjnptoms and signs, 

Dysjinea was the most common symjilom noted. It was lu’csent in at 
least n.) eases, ahsent in ] and not mentioned in 4, The dyspnea was 
regularly of a .severe degree and was freijnently of long duration. 
Death .sometimes occurred iji an altaclc. fievcre orthopnea was of com- 
mon oceiirrence. 

Lajdaim, Boas, and font rat to and Levine have cm])hasized the common 
occurrence oi anginal attacks a.ssoeiated witli aortic stenosis. Angina 
was a eoininonly recoi'ded symptom in our eases. It was reported pres- 
ent in 42, absent in 6, and was not mentioned in r>2. fkironaiy sclerosis 
was sometimes diagnosed. Tli(> theories offered to aeeount for this cardiac 
pain have been intei-csting. Laplace, after studying the relation of 
blood pre.ssuvo to angina, decided that a low diastolic pre.ssure was of 
slight imjiorlance in the pathogenesis of angina pectoris. Boas con- 
cluded that the angina was due to the narrowing of the aortic valvular 
opeuiiig it.sylf whieli impaired the blood sujiply to both coronary arteries 
simnllaneousl.v. Contralto and Levine Ibouglil the stenotic aortic orifice 
acted njion tbc coronary arteries in a manner similar to a eonnnon water 
faucet .suction ])unip to draw blood out of tlie coronary arteries, A 
po.ssiblc c.xjdanafion of this pain in .some cases is offered in connection 
with the description of the structure of the aortic eusps. 

IMurriitirs wore reportml as being jiresent in 84 of 100 ca-sc-s, 30 times 
as both sy.stolie and diastolic, 45 times as .systolic only, and 6 times 
.in.sl as nnn’mui's. In G cases nuirniurs were repoi-lcd to he absent. No 
mention of them was made in 10. 

Thrills wore not sr) eommo)i. They were rej)orted present in 29 and 
ah.sent in 2.0; they were not menlione<l in 42. In 7)eaj’ly all eases in 
which Ihi'ill.s were absent or not mentioned, findings i-elalivo to murmurs 
were reported. 

The blood t^ressui-e readings were analyzed in 00 of oiu' more recent 
ca.se.s. The following is a summary of these blood pressui’e rea<lings: 


JIfif/ht 

Xiimhrr 

J’rr.csiirr 


57 

7 

Above lao/GO-m 

to 

s 

Above loO/fitjove 90 

10 

s 

Below 1.50/nbove 90 


0 

Above D.'l/ljelow 00 

5 

5 

Below 9.5/70 or lcs.« 

0 

0 

Total 

90 

28 


Twenty of these 00 patieufs had a .systolic pressure of over 150 and 
12 bad a diastolic pre.ssure above 90. Onlj" about 10 could be placed 
in the hypertensive group. 
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A pulse prassure of 65 or more was noted in 28 patients, usually in 
those M’ith the higher readings. The jiulse pressui’e except in a few 
eases was not much in excess of 65. Twelve had pulse pressures ranging 
from 65 to 74, eight from 75 to 84, 3 from S5 to 94, 2 from 95 to 104, 
one from 105 to 114, and two 155 or above. 

Thirty of the 90 eases had pulse pressures which ranged from 45 to 
64, about a normal reading, and 32 had pulse pressures below 45, 14 
from 35 to 44, 10 from 25 to 34, 6 from 15 to 24, and 2 from 5 to 14. 
In general it Avas found that the greatest pulse pressure Avas in cases 
Avith less stenosis but this Avas not a uniA'ersal finding. A high pulse 
pressure AA’as not a chara el eristic finding in the group. IMost eases had 
normal or Ioav blood pres.sures and pulse pressures. 

The clinical findings agreed in general with those reported by Mar- 
golis, Ziellessen, and Barnes, Christian, MeCtinn and White and Con- 
tratto and LeAune except in the constancy of the presence of thrills and 
murmurs. 

CoiigestiA'e heart failure AA'as determined by the presence of edema 
(indicated bv anasarca, hydrothorax, or ascites) and passive congestion 
of the liver. Edema was noted in 75 per cent of the 200 cases and 
chronic passive congestion of the Iwer in SO per cent. 

The AAmght of the hearts ranged from 400 grams to 1150 grams. i\Iost 
of the hearts Aveighed from 500 to 800 grams. 

The group clearly may be considered a clinical entity. The sex and 
age distribution, the frequency of precordial pain and sudden death 
differentiate the group clinically from other forms of vah^e disease. 
Whether the group should be considered an etiological entity is dis- 
cussed further under etiology". 


FREQUENCY 

The frequency of the calcified nodular deformity of the aortic A'alve 
concerns the clinician in-imarily. It has been emphasized by all the 
reports on tliis form of vah-e disease. The lack of a proper ImoAvledge 
of the frequency of the lesion is, no doubt, the cau.se of some mistakes 
in diagnosis. The pathologist is forced to believe that adequate em- 
phasis has not been placed upon the frequency of aortic vah^e lesions. 

Six hundred and thirty cardiac deaths classed as rheumatic A'alAUilar 


disease (the calcified nodular aortic group included) 
AA'ere classed as folloAA’s : 

Avere studied. These 

1. Acute rheumatic 

78 

12 per cent 

2. Kecurrent rheumatic 

62 

10 per cent 

3. Healed A-alAX deformities 

490 

78 per cent 

a. Calcified aortic 

200 

41 per cent 

b. Other healed valve deformities 

290 

59 per cent 
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''i'Jie calcified nodular group com]»rized 41 per cent of all healed valve 
deformities or about 31,5 per cent of all rheumatic heart disease. The 
frequency of the calcified aorlie valve deformity among the healed valve 
defects may be .summarised ns follow.s: 

1. Total number of healed valve defonnities, ■190. 

2. Aortic valve involved in 2G5, 54 ])er cent. 

3. Number of calcified nodular aortic valve deformities, 200, which 
equals 75.5 per cent of all healed aortic valve.s, 

4. Twenty-three of the remaining 65 aortic valve deformities are de- 
.scribed as containing calcium. 

5. Eighty-four per cent of all nonsyjrhilitic aortic valve dcformitie.s 
in our autopsies ai‘e dc.scribed a.s containing calcium by gro.s,s examina- 
tion. 

6. O’he healed deformed aortic valve, a very common condition, reg- 
ularly becomes calcified, 

7. The calcified nodular- deformity is tlie most common and the rrsual 
healed lesion of the aoi’tie valve. Its importance is obvious. 

KTror.OGY 

The etiology of this valve defoi-mity was studied from two angle.s: 
(1) the infectious, and (2) the metabolic. The fii-.st is refeiTcd to as 
infectious or rheumatic and the latter as metabolic, degeiicr-ative, or 
atheroselei'otie. An attempt is made to find evidence for and agaimst 
each side. The etiological faetoi-s studied wci-c age, se.x, histoi-y of 
rheumatism, frequem-y of adherent jrericai’dium, gi-oss .str-ucture of 
the valves, mici'oscopic struct ui-e of the valves and myocardium, gross 
appeai’anoe of the aortas, and the expectancy of healed rheumatic aortic 
valve deformity. 

A(je . — A.S was pointed out in studying age (Fig. 3) in its relation 
to the calcified aoi-tie valve disease, it was found that tlie large majority 
of patients wer-e old per.sons. Seventy-nine per cent of our cases were 
fifty years old or older. The largest numlrer was in tlie sixth and 
seventh decades. Since athero.sclerosis is a disease ju-imarily of older 
people it becomes natural to think that the calcified aortic valves arc 
also atherosclerotic in origin. 

But, while it is true that the majority was found to die in upper age 
deeade.s, it seems to us after analyzing our cases that the old age of this 
group has been somewhat overempha.sized, especially as to etiological 
significance. Twenty-nine per cent of the patients were not over forty 
years old. Four per cent were not over twenty j'cai-s old. An attempt 
was made in analyzing onr cases to explain why people dying with this 
lesion are as a rule old. 

In a previous study of healed valve deformities we^” found that pa- 
tients with an aortic le.sion only, lived longer than those with a mitral 
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lesion. The ages of the 89 in the group of 200 cases of calcified nodular 
aortic valve deformity which had a mitral lesion also were studied 
and compared with the ages at wliich death occurred in the other cases 
of healed valve deformities. 

Fig. 1 show's the decades in w'hich death took place in the 89 members 
of the calcified aortic group wdth a mitral valve deformity also. It was 
seen that the peak of the occurrence of death dropped from the seventh 
decade in the total group of 200 to tlie fifth decade, a difference of 



Ago. by decadxzs 
at ujhicb death 
occur.5 ujitK 
healed -ualue 
deformities . 





Calc’^ied nodular 
aortic ualue 
deformities. 


C alcified nodular 
aortic ualue. de- 
formities + mitral 
inuoluement. 


3 ^ — I j\ ~ y ~ Remaining ualue 

2 — 7/f — — — T] — deformities . 

W I M rl m 

I 53456709 to 
Age In decades 

Pis. 1. 

twenty years. It w'as also found that the greatest number of this group 
of 89 died in the same decade, the fifth, in which the greatest number of 
the remaining old valve deformity patients died. These latter are gen- 
eraBy accepted as being of rheumatic origin. It seems reasonable to 
conclude that the explanation of the fact that most members of the 
calcified aortic group die in the older decades is that most of these peo- 
ple have aortic lesions alone. They live longer because they have aortic 
lesions rather- than having aortic lesions because they are old. The 
fact that the members of this group are old offers no reason for believing 
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that the lesions in tlie valves in the group must he due to an etiological 
agent different from tlie agent causing the lesions in the commonly 
observed calcified mitral valve deformities. 

Sex . — It was noted (Table 1) that most people dying witli a calcifierl 
aortic valve disease were males. Tliis fact seems to have little or no 
significance from the etiological point of view. Atherosclerosis is of 


'I'ABI.K I 

8KX TS'CIDKNPK in KIIKCMATIC HKAKT DiSEASK, <)?.() P.\T1E.\'T.S 


KIXI) 

-MALES 

KE.MALES 

FEMALES 

CORRECTED 

-Acute rheumatic 

,‘R) 

42 


Recurrent rheumatic 

31 

31 

40 

Calcified nodular aortic deformity 

ir.r, 


70 

Other healed valves 

145 

145 

290 

Total 

377 


1 400 


about the same frequency in both sexes, though in our autopsy material 
death fimm eoi'onary sclerosis is more common in males. The i>re- 
ponderance of males in this group, we think, can be explained by study- 
ing the combinations of valve involvement as related to age and sex. 

The incidence of males and females in all classes of rheumatic heart 
disease is shown in Table T. In the acute rheumatic group (78) there 
were 36 males and 42 females. No correction was necessary between 
the sexes in this group since its oeciuTcncc was in the lower decades. 
Of the 62 patients dying with recurrent rheumatic endocarditis 31 were 
males and 31 females. This required .slight correction to give a cro.ss 
section of the population dying with this condition. As corrected there 
were 31 males and 46 females. The calcified nodular aortic group as 
corrected was di.stributed as 165 males and 70 females. The other 
healed valve deformities were 145 males and 290 females. The total 
was in the proportion of 377 males to 406 females, close to an equal 
distribution. 

The outstanding things noted in the .sex distribution in these heart 
diseases are; (1) males predominate in the calcified aortic group, and 
(2) females predominate at nearly the same ratio in cases of other 
healed valve deformitie.s. The.se finding.s, ^ve think, can be partly 
explained in studying the combinations of valve involvement in the 
rheumatic heart di.seases as related to age and sex. Three combinations 
were .studied: (1) aortic valve alone, (2) mitral valve alone, and (3) 
aortic and mitral valves combined. 

The combinations in acute and recurrent rheumatic vahmlitis are 
.shown in Table II, The aortic valve alone occurred three times in 
males and not at all in the females. The mitral valve alone was pre.sent 
32 times in males and 41 times in females. The aortic plus mitral com- 
bination Avas found 32 times in each. In this younger group it is .seen 
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Table n 


Combinations of Valve Involvement Bet-\veen the Sexes in Acute and Eecur- 
RENT Rheumatic Valvulitis^ 140 Patients 


kind 

MALES 

females 

Aortic alone 

n 

O 

0 

Mitral alone 

32 

41 

Aortic + mitral 

32 

32 

Total 

67 

73 


that there appears to he a heginning of a preponderance of aortic valve 
involvement alone in males and a preponderance of mitral valve in- 
volvement alone in females. 

These ratios of preponderance continued to increase in the older 
group as sliovui in Table III. In this group there were 490 cases of 


Table III 

Combinations of Valve iNVOLVEiiENT Between Sexes in All Healed Valve 

Deformities, 490 Patients 


kind 

-MALES 

FEMALES 

FEMALES CORRECTED 

Aortic alone 

113 

19 

38 3 to 1.0 

Mitral alone 

91 

110 

220 1 to 2.5 

Aortic + mitral 

107 

50 

100 

Total 1 

311 

1 

358 


liealed valve deformities. Because of the decades in h'iiicli death oc- 
curred the autopsj^ records required a correction of males to females to 
a ratio of 2 to 1. Tlie combination of aoitic valve involvement alone 
was present as 113 males to 38 females, a ratio of 3 to 1. The mitral 
valve alone involvement Avas 91 males to 220 females, a ratio of 1 to 2.5. 
The aortic plus mitral combination, as Avith acute and recurrent rheu- 
matic A^alAUilitis, was practically equal. The things noted Avere the 
marked preponderance of the aortic iiiA’olA'ement in males and mitral 
inA'olvement in females. The explanation of this reA'erse ratio is not 
apparent in these figures. 

It AA^as found in a preAdous publication that an individual Avith an 
aortic lesion Avould sui’Auve from fifteen to tAventy years longer than 
one Avitii a mitral lesion. Tliis is probably due to the greater ability 
of the left ventricle to Avithstand strain. The fact tiiat aortic involve- 
ment predominates in males and the mitral iiiA’olA'ement in females and 
that indhdduals Avith aortic lesions live longer than those Avith mitral 
lesions offers an explanation of the preponderance of males in the calci- 
fied nodular aortic group. This explanation appears to us to be more 
justifiable than to assume different etiological agents in the calcified 
group and the group including all other healed valve deformities in the 
absence of a structural basis for considering them separate entities. 
There appears to be no basis for considering the preponderance of the 
male sex an etiological factor in this calcified aortic group. 
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JSvidmcc of Previous Ailaclts of Rhcinnatism . — In studying the evi- 
dences of the oceiirrence of previous rheumatic infections in our cases 
five tilings were considered : (1) a lii.slory of rheumatism; (2) tlic pres- 
ence of an adherent pericardium; (S) an associated mitral or other 
valve involvement; (4) associated gi'oss active lesions such as aeule 
rheumatic or baeferial vegetations on the aortic or other valves; and (5) 
micros’Copic stigmata of rheumatic inflammation in the myocardium. 
The findings of these five types of evidence are .summarized in Table W. 

Taiua: IA- 

Evjdkn'cks or Tin; Occunniisei; or KitruMATir Fevre m Casks tVirn CAcririKi/ 

XoacKAU Anitru: Vai.vi: Dnronmrv 


(a) insi'ORY or nnKr.nATis,*.r axo tju; ri:K.s'K.vfT: or ymtcAimms 


KIND or VAJ.vi: nKrorntiTv 

1 

KUMni;!: 

rosrnvK 
m.STOr.v 1 

j I’Eni- 

j CAIimTIS 

OKE on BOTH 

Calcifietl nodular aortic 
Other Jic.alcd v.tIiv.'j 

200 

100 

per cent 
' -11 per cent 

j 10 per cent 

1 18 per cent 

-11 per cent 
10 per cent 

(b) ASsocfATKi) jnTn,n. or. onirr. vaiat. I'i'.ronstnw 

KIND ! 

KUMBOl 

MtTr.At. OK OTiinr vai.vk pEronMiTy 

Calcified nodnl-nr .aortic 

200 

441} per cent 

(C) ASSOCIATKI) cross ACTIVK l.KSIOKS OK VAI.VKS 

iriKD 

KC,Min;r 

ACCTF- 

r.nr.cMATic 

BACTEFJAU 

TOT.W/ 

Calcified nodular aortic 

200 



l‘J.5 per cent 

(D) .Micro.scoric nsmnes ix stvocAr.mvy. 

KfXfl 

XOJfOIT. 

ASenorr 

KODCLES 

inREGCLAR 

I-KFIjASUrA- 

TIOK 

j TOT.MJ 

[ 

Calcified nodul.ar aortic 
Other healed vnlve.« 1 

54 

! OS 

per cent 
12 per cent 


33 per cent 
2S per cent 


In 200 cases of the calcified aortic valve deformities a history of rlieu- 
ynatisni was found in 35 per cent, the infection occurring as a rule many 
years before cardiac symptoms appeared. In IGO eases of other healed 
valve deformities a history of rhenmatism was recorded in 41 per cent, 
a figure only slightly higlier than that in the calcified aortic group. Sev- 
eral factors might account for the slightly lower incidence of a history 
of rheumatism in the calcified aortic gi'oup. A greater number die sud- 
denly without any clinical history being recorded. A diagnosis of valni- 
lar disease has less commonly been made and consequently a history of 
I’heiunatism might not have been sought. Then, as pointed out by Chris- 
tian, many of these people are old and do not remember having had an 
attack of acute rheumatic fever. 

The presence of an adherent peidcardwm is significant in these cases 
(Table IV). Not including tuberculous pericarditis and pericardial 
adhesions associated noth coronary thrombosis and infarction, the con- 
spicuous cause of an adherent pericardium in autopsy material is a 
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previous rlieumatie infection. It is seldom found without an associated 
valvular involvement. The frequency of an adherent pericardium was 
compared in this group of 200 cases of calcified aortic valve deform% 
s^iid 160 other cases of healed valve defonnities. Adherent pericardium 
was present in 16 per cent of the former and in IS per cent of the latter. 
A history of rheumatism or an adherent pericardium or both was present 
in 41 per cent of the cases of the calcified aortic valve deformities and in 
49 per cent of the other healed valve deformities. This degree of fre- 
quency of rheumatic history and adJierent pericardium strongly sug- 
gested more than a coincidental relation heween rheumatic infection and 
tlie calcified nodular aortic valve deformity. So high a percentage could 
not he found in nonrhenmatic groups. 

The association of a mitral or other valve deformity witJi the calcified 
aortic valve was present in 44.5 per cent of the 200 cases. There was 
also an association of acute rheumatic vegetations on the aortic cusps 
or on the cusps of other valves in 8 per cent. The bacterial type of 
vegetations was noted in 4 per cent. A total incidence of one or other 
of the active lesions was seen in 12.5 per cent (Table H"). 

The myocardium was examined microscopically for rheumatic stigmata 
in 54 eases of the calcified nodular aortic group and in 68 cases of the 
other valve deformities (Table IV). Aschoff nodules were present in 13 
per cent of each. Irregular inflammation was observed in 24 per cent 
of the former and in 20 per cent of the latter. A total evidence of in- 
flammation was noted in 33 per cent of the calcified aortic group and 
in 28 per cent of the other group of healed defective valves. 

The valves m the group of calcified nodular deformity were studied 
by gross and microscopic examination to find eAudences for or against 
the inflammatory and degenerative origins of the changes. The follow- 
ing gross features were obsermd; (1) degree of diffuse thickening of the 
cusps, (2) the degree of steno.sis, (3) the frequency of fusion of the 
cusps, and (4) the relative frequency of the calcified nodules on the 
aortic and i^entrieular surfaces of the cusps. 

The degree of thickening of the cusps was expressed in grades +, -r-r 
and One plus indicated only sMght thickening; three plus was an 

extreme grade and -f-f was intermediate. One hundred and six hearts 
were available for tliis examination (Table V). No diffuse thickening 


Table V 

Degree of Diffuse Thickexixg of Aortic Cusps ix Ca.ses of Calcifieo Noruiar 

Aortic VAm’E Deformitv 


number 

degree of thickening 

PER CENT 

106 

0 

o 


"T 

15 

' 

-1.-1. 

41 


4* -r 

42 


Fusion of cusps 

90 


70 


rtlK AMlCfUCAX UKMIT .fOimKAh 


was noted in 2 per cent. Grade -i- was present in JO per cent, grade •; -i 
in 41 per cent and grade > -r •! in 42 per cent . A severe degree of tiiicken- 
ing of the r;ns[>.s was noted in S3 per cent of the eases. Tiie edges of the 
valvc.s were fn.scd in 00 ])c.r cent of the ca.ses, 

TJie amount of .stenosis observed was also cxpre.‘-;sed in grades -!•, 
and + f. The .same lOfi hearts were c.xaniincd for stenosis (Table VI), 

T.mii.i; VJ 

iJnoftr.i: of Aoutio Stkxoki.^ i.s C.\si;.s nr fUi.en if;n .VouTir Xoiiri..\t: V.\t,vn 

Dkfoi'.mitv 

N'l.'.va r}; ^ ur.f.r.Ki: <iy err; cf-vt 

loa n s..', 

-i 20.0 

r 20, .1 

2:U: 

No stenosis was pj-csent in 8.5 per cent. There was grade in 20 per 
cent, grade in 26.5 per cent and grade -f ■ in 45 jjcr cent. Stenosis 
con.sidered to he of sufficient severity to he observed clinically v/as pres- 
ent in 71.5 per cent. 

The location of the calcified nodnles on the valve,s has much signifi- 
cance in interpreting the pathogenesis of the caleified aortic valve. The 
acute verrueons vegetations regularly are found on the ventricular sur- 
face of the aortic cusps. The caleified nodules should bo on the same 
side if the nodules an* enleified vogotatinns. If the jifKlulcs are athero- 
sclerotic in origin they naturally would occur on the aortic .surface of 
the cusps. iMonckcherg believed the nodules developed in the fibrosa 
layer, having jirogrossed from the aorta by v.ay of the sinus of Valsalva. 
In this case the nodules beimr located on the aortic .surfaces would sxig- 
gest the athero.sclerolic origin more than the intlammatory origin. 

One hundred and six hearts were examined to determine the location 
of the nodules (Table VII). In II per rent the nodules were found 


Taulk VII 

Iy>r.mox or C.vi.ririKi> Xoi»i;i.i:.s o.s Aoaxir Ci;.si’H 


KfMnKU 

AOitTA .scar.vn: 
ai/)ni: 

VFSTnifCl-AU .seti- 
KA»T. Al.'txr. 

liOTH 

IOC. 

11 per eont 

] per een< 

SS per cent 


on the aortic surface alone. They were on the ventricular .suiTace alone 
in only one per cent of the cusen. In the remaining 88 per cent calcified 
nodules were found on both surfaces of the ensps. These nodules ai’e 
certainly not calcified vegetations. They have the gross appearance 
of being calcified nodular masses in the diffusely thickened valves. Their 
size and frequent location on the aortic suiTace make it po.ssible for them 
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to impinge iiiioii tlie orifices of tlie coronary arteries in some cases. It 
seems possible that this may in some eases he a factor in the common 
occurrence of angina in this group. 

The microscopic findings in the cusps of these calcified aortic valves 
are very important in suggesting the etiology of the lesions. Two 
stigmata of rheumatic infection, only, were considered, exudative or 
proliferative inflammation and the presence of blood vessels in the cusps 
and rings. The crisps from 74 cases rvere examined mieroseopicalh’’ 
(Table VIII). A definite inflammatory reaction was noted in 69 per 


Tabt.t: A'TII 

Micuoscoi’io Findings in the Aoutic Valve in Cases of Calcifjei) Nodular Aortic 

VATAT3 Deformity 



INFLAMMATION, 

BLOOD VESSELS, VALVE- 


NUMBER 



PROLIFERATIVE OR EX- 
UDATIVE 

RING OR BOTH 

TOTAL 

74 

(59 per cent 

95 per cent 

97 per cent 


cent. The type of reaction was mostly proliferative. It may be believed, 
of course, that this inflammation is a foreign body reaction to the 
calcium. Against this is the fact that calcium was present in all cases 
but evidence of an active inflammatory reaction was found in only 69 
per cent of the cases. It was also noted that the position of tlie inflamma- 
tory reaction bore no immediate relation to the position of the calcium. 
Often the most pronounced inflammation was seen in parts of the scar 
where there was no calcium. The calcium was imbedded in a scar much 
of rvhich was old and healed. The amount of active inflammation was 
practically the same as that seen in healed thickened mitral valves. 

"Whether blood vessels are present in normal valves has been a point 
of disagreement among workers for several yeais. Gross , who has 
studied this subject extensively, has decided that blood vessels are not 
present in normal valves. All observers agree that vessels arc not found 
])y microscoiiic examination in the normal valves. There is not a general 
agreement on whether vessels may be demonstrated by injecting tlie 
valves. Seventy-four of these tliickened aortic valves were examined 
and definite blood vessels were observed in the cusp or ring or both in 
95 per cent of the cases (Table ■\n;il). 

In the 74 hearts 97 per cent showed evidence of inflammation by the 
presence of an inflammatory reaction or blood vessels in the valves or 
valve rings or by both. 

Cholesterol crystals so commonly seen in atlierosclerosis were not seen 
in any of the valves. Lipoid material in small amount was sometimes 
seen. 

■ Another gross observation made referable to etiology, was the smooth 
condition in tlie intima of tlie arch of the aorta in these eases. If the 
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lesions in tlie valves are alhcrosclerol ic in nature and are extensions from 
tlie intimal change in atherosclerotic aoi-tas, one should fmd considerable 
intimal change in the aortas of this gi-oup. The arches of the aortas were 
examined in 106 hearts (Table IX). In 86 per cent there was no sclerosis 

Tabu: TX 

Degbke ok Atheiiosccebosik IX ,\OKTA IX Casks ok Cakcikiki) Xodukab Aobtic Vakvi; 

Dekokiiitv 


XUjniER j 

XO.XE TO A TRAI'K j 

liODEKATE 

i EJ.'TKEirE 

lOG 1 

8G ])er f;ent j 

\4 per mnt 

i 0 


or only a trace. Fourteen per cent showed a moflerate amount of intimal 
atherosclerosis. Extensive at.hero.sclerosis was not seen in any. The 
smootbness of the arches of the aortas in these cases was a eon.spicnous 
finding. No other group of individuals in tlie same decades of age could 
be found with so little atherosclerosis. In fact, it .seem.s evident tliat 
these aortas have been protected by the stenosis of the aortic orifice and 
.since the .smoothnc.ss eorre.sponds to that in young people, it is strongly 
suggested that the deformities in the cusps in most cases began early in 
life and have been piresent a long time. This pathological inference is in 
hannony with the clinical observations noted by many. This anatomical 
observation not only indicates an early occurrence of the change in the 
valve but it fails to supjiort tlie idea that the %'alvular lesion is 
atherosclerotic in origin. 

Another approach to the .study of the etiology of these calcified aortic 
cusps is to study the expectancy of healed valve deformities fi’om the 
incidence of acute and recurrent valvulitis both of which, of course, are 
obviou.sl 3 ' of rheumatic origin. An illu.stration of this studj* is seen in 
Fig. 2. 

Exclusive of .syphilitic and bacterial valvulitis there were 630 cases 
of valvular disease (acute rlieumatic valvulitis, recurrent rheumatic 
val\Tilitis and healed vaEuilar deformities). The acute and reeuiTcnt 
rheumatic cases (140 in number) were placed in one group since there 
can be no doubt about the rheumatic etiolog}'. The total healed -s'alve 
deformities (490 in number) were placed in a second group. The fre- 
quency of aortic involvement was studied and compared in the two 
groups. 

In the acute and recurrent rheumatic group the aortic valve alone 
was involved in 2.1 per cent of the cases. The total aortic involvement 
in this group was 49.2 per cent. In the group of healed valves the aortic 
valve alone was involved in 26.3 per cent and the total aortic involvement 
was 59.1 per cent of the 490 cases. 

The healed valve gi*oup had a 10 per cent gi-eatcr incidence ox aortic 
involvement than the acute and recurrent rheumatic group. This dif- 
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ference can proliably be accounted for by the increase with age in the 
involvement of the aortic valve alone. The chance of aortic involvement 
alone increases ndth age as shovm in Fig. 2. In tliis chart it is seen that 
the individuals in the healed valve gronp had an average age of about 
thirty years older than those in tlie acute and recurrent rheumatic group. 
It appears evident that the incidence of the total healed aortic valve 
deformities is practically what should be expected from the incidence 
of aortic involvement in laiorni eases of rlieumatic infection. If the 
calcified aortic group (200) were taken out of the total healed valve 
group (490) it would leave a relatively small number (87) liaving an 


Aortic inuoLuement at death. 


Kind Number Aortic alone Total aortic 

Acute- and recurrent- 
rheumatic 

140 

3.J % 
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aortic lesion. The number with aortic involvement would be much below 
what should be expected. There seems to be no reasonable uecessitj' to 
look for a nonrheumatic cause of the calcified aortic valve deformities. 


COMMENT 

The calcified aortic valve deformity is a condition which is being recog- 
nized and emphasized more by both internists and pathologists. Tlie 
condition has come to be looked upon as a clinical entity. This is pri- 
marily because of certain common clinical manifestations, such as being 
more common in males and in the older grou])s. It is also characterized 
by the clinical symptoms often appearing many years after the probable 
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beginning of the disease. The pulse pressure commonly is not high. It 
carries with it a better prognosis than a mitral disease, since the right 
ventricle is not handicapped so easily. It has to be differentiated from 
coronary sclerosis on account of the common occurrence of angina and 
sudden death. 

Physical findings Avhen present are fairly eliaracteristic but are not 
ahvays constant. 

The fact that this type of aortic valve disease is a clinical entity does 
not necessarily indicate that it is an etiological entity. 

Aortic valve disease, especially calcified aortic stenosis, is a much more 
common condition than has been generally believed. The condition is 
being diagnosed clinically much more frequently than was done ten to 
fifteen years ago. It is much more common than a nonsyphilitic aortic 
valve deformity without calcium. In fact, calcification is the usual find- 
ing in a healed scarred aortic valve. 

The exact etiology and pathogenesis of this type of lesion cannot be 
proved conclusively airy more than the ctiologj’- and pathogenesis of the 
sclerotic and calcified mitral valve in wliicli calcification is practically as 
common. The origin of the mitral deformity is generally accepted by 
most students of the subject to be due to previous and probably repeated 
rheumatic infections Avhich cause a proliferative inflammation which 
terminates in a sear. It is not unreasonable to accept the same explana- 
tion for the etiology and pathogenesis of the calcified aortic lesions. 

Two theories are advanced to explain the origin of these calcified aortic 
valve lesions; (1) the metabolic, degenerative or atherosclerotic, and (2) 
the infectious or what is generally called rheumatic. 

The age of most of the individuals in the group, sixth and seventh 
decades, has supported the atherosclerotic theory in the opinion of many. 
On the other hand it has to be remembered that this is an aortic lesion 
and people rvith aortic lesions live longer than those with mitral lesions. 
It was found that those, in the calcified aortic group who had mitral 
lesions also died, as a rule, in the same decades as other cases of healed 
valvular deformities which are commonly recognized as being due to 
rheumatic infection. 

The greater number of people having this calcified aortic valve de- 
formity are males, a fact also sometimes considered to be in favor of the 
atherosclerotic theory of etiology. This also fails to have much weight 
Avlien it is remembered that females have atherosclerosis about as com- 
monly as males and also that the aortic valve involvement is more com- 
mon in males than in females and the mitral valve involvement is more 
common in females than in males. The males having the preponderance 
of aortic valve involvement live lojiger, and the females Avith the pre- 
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ponderance of mitral involvement die earlier and thus the calcified aortic 
valve deformity becomes a disease of males primarily in the older groups. 

The rheumatic origin of this calcified aortic lesion is strongly sup- 
ported by the various evidences of one or more attacks of acute rheumatic 
fever in the members of the group. A positive history of rheumatic 
fever was practically as common in this group as in other cases of healed 
valve deformit 3 L The presence of an adlierent pericardium was essen- 
tially the same as in cases with other healed valve defects generaUy recog- 
nized as being rheumatic, Aschoff nodules and other microscopic stig- 
mata of rheumatic inflammation were found with equal frequency in the 
group with the calcified aortic cusps and in the group with healed valve 
deformities not so classified. 

The gross structure of tlie aortic valves was not characteristic of an 
atherosclerotic process but was in all respects similar to the structure 
of the calcified mitral valves. Tlie calcified nodules appeared to develop 
in the scar and project outward usually on botli surfaces of the valve. 
The nodules were large enougli apparently to impinge in some cases upon 
the coronarj* orifices. This maj’^ explain the frequent cardiac pain in 
some of these cases. The cusps were diffusely thickened and their edges 
were fused. Stenosis to a marked degree was common. The entire 
process appears to be the end-result of inflammation, probably rlieumatic. 

Microscopically, the valves showed the presence of an inflammatory 
reaction or blood vessels or both in nearly all cases. Tlie inflammatorj’- 
reaction bore no immediate relation to the calcium. The fact that 
calcium without an.y proliferative or exudative inflammatory reaction 
was present in 31 per cent of the cases suggested that the inflammation 
was not a foreign body reaction to the calcium. 

The degree of smootlmess in the aorta gave no support to the theory 
that the thickening of the cusps is due to atherosclerosis. These aortas 
rather appeared to have been protected b}’- the aortic stenosis and sug- 
gested that the valvular disease began earlj’- in life. 

When the incidence of aortic valvular involvement in cases of acute 
and recurrent rheumatic endocarditis was compared ■with the incidence 
in the group of all old healed valve deformities it was seen that the aortic 
involvement in the latter was about what should be expected. If the 
calcified group were not included among the rheumatic healed valve 
defects there would not be a sufficient number of aortic valve deformities 
to meet the expectanc.y. A cause other than rheumatic infection is not 
necessarj’- to explain the frequency' of healed calcified aortic valve disease. 

It seems reasonable to conclude that the calcified nodular aortic valve 
deformity is of common occurrence, that it is the most common healed 
aortic lesion and that the change in the valves is due to repeated attacks 
of rheumatic proliferative inflammation with calcification similar to that 
so commonly seen in the mitral cusps. 
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STJM5IARY 

1. The calcified nodular deformity of the aortic valve mth stenosis 
is a clinical tj-ijc frequently not diagnosed because of the common 
occurrence of sudden death and the lack of constancy of clinical symp- 
toms and signs and because the clinical symptoms are often similar to 
otlier types of heart disease such as coronary sclerosis. 

2. This lesion is a common one. It i.s the u.sual kind found in healed 
aortic valve defoimities. The healed thickened aortic valves as well as 
the mitral valves commonly undergo calcification. 

3. The available evidences in our material relative to etiology .support 
the rheumatic origin of the le.sion rather than the degenerative or athero- 
sclerotic origin. 
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THE INFLUENCE OP THE SIZE OP CARDIAC INFARCTS 
UPON THE ELECTROCARDIOORAM^= 

Harry Gold, jM.D., Walter j^Iodell, M.D., akd Jaket Tratell, ]\LD. 

New York, N. Y. 

A VOLUMINOUS literature now exists on the use of the electro- 
cardiogT’ani to determine the location of a clinical cardiac infarct. 
The types of electrocardiograms produced by the occlusion of the right 
coronary artery or the left,- of infarction located in the right or left 
ventricle, on the anterior or posterior surface of the heart, or involving 
one or another of fhe cardiac muscles, have been explored extensively 
in experimental and clinical investigations. 

The size of the infarction in any location -is undoubtedly a matter 
of considerable prognostic importance. At the present time, the size 
is inferred chiefly from the .sevtyity of the clinical symptoms, it being 
assumed that severe symptoms of .collapse, high fever, cardiac failui-e, 
indicate a large mfarction, and mild s.ymptoms a smaU one, Satisfac- 
toiy information as to the? accuracy -of this inference does not exist, 
although it is probably correct in tlibimajority of cases. However, 
there are several factors which may dityurb a parallelism between the 
severity of sjnuiotoms and size of infarction, such as the number of 
jmewous occlusions, reflex vasomotor changes, the state of the re- 
mainder of the cardiac circulation at the time of an infarction.- The 
extent to which the electrocardiogram can be put to use in judging 
whether an infarct is large or small has received relatively little 
attention. 

In the hope of throwing some light on this question, we have an- 
alyzed the electrocardiographic data from a study in which a large 
coronaiy vessel was ligated and the size of the resulting infarct was 
measured. 

method 

The circumflex branch, Avithout the A’ein, Avas ligated at its origin 
from the left coronary artery, in 42 cats. These animals AA'ere employed 
in another study of the effect of aminophylline on the size of a cardiac 
infarct. Of the entire group, 11 died in from four to seA’enteen days, 
and 31 surviAmd longer and AA'ere killed three AA-eeks after the ligation. 
The size of the resulting infarct AA*as measured Avith a planimeter at 
the autopsy. For the details of the operatiA-e technique, the original 

‘From the Department of Pharmacologr. Cornell TJniversitj- Aledical Collcgre. 
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paper maj'- be confjulted.^ Electroeardiogranis (3 standard leads) were 
taken just before the operation, within about ten to thirty minutes 
after the ligation, the following day, and every third day thereafter. 

RESULTS 

The resulting infarction w'as located on the posterior surface of the 
heart, involving chiefly the left ventricle. Its circumference was fairly 
sharply demarcated ; its form was irregularly triangidar, with its base 
along the auriculoventricular groove, and its apex extending dov/n- 
ward toward the apex of the heart. It showed wide variations in size, 
from 2.26' to 12.84 sq. cm. 

The only electrocardiographic changes that could be correlated with 
the size of the infarct were the displacement of the K^T or S-T seg- 



Fie- 1. — Displacement of R-T or S-T .segments due to purulent pericarditts In cat 
■with control operation in which the coronarj- arter>- was not ligated. (A) Before 
operation; (B) 18 minutes after operation; (C) second day; (/>) .seventh day. 

inents, and ventricular tachycardia. Sliglit displacement of the seg- 
ments (about 0.5 mm. or less) was sometimes present in the control 
tracing, and this was taken into account in judging the etfects of 
infarction. Changes in the T-waves were not reliable, as shown bj* a 
control series of 13 animals in which the operation was carried through 
in all its details, except for the ligation of the artery. Electrocardio- 
grams taken immediatelj' after the operation and again at the usual 
intervals throughout the twenty-one days of study, when compared 
with the preoperative tracing, .showed marked changes in the T-waves 
and the forms of the QES groups; a negative T-wave in Leads I or H 
or both, became isoelectric or positive, and vice versa. The change 
appeared immediately after the operation, or at some time dm-ing the 
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next thirteen days. In one animal a coupled rhytlini, due to premature 
ventricular contra etions, appeared on the tumuty-first day. Wliether 
these changes are due to the displacement of the heart as a result of 
the thoracic operation cannot be stated. It is known that T-wave 
changes and premature ventricular contractions occur spontaneously 
in cats.- In only two animals did the control operation result in the 
displacement of the K-T or S-T segment ; in one of these on the seventh 
day, without any apparent explanation at autopsy, in the other appar- 
entlj- on the basis of a purulent pericarditis (Fig. 1). 

The results are presented in Table 1. Among the 42 animals with a 
posterior infarct as the result of the ligation of the entire circumflex 
branch of the left coronary artery 11, or 26.6 per cent, failed to show 
any displacement of the R-T or S-T segments in the standard three 
leads of the, electrocardiogram. The infarct in the 11 without this 
change was about one-half to two-thirds as large as in the 31 in which 
the change was present. In general, also, the more pronomiced 



Figr. 2. — Type of R-T cliange with infarct of average .size and with ver>' large 
infarct. (A) Cat 27T. Infarct of average size, 6.97 sq. cm. (15) Cat 24T. Very 
large infarct, 12.84 sq. cm. 

changes in the R-T or S-T segment were i^roduced by the larger in- 
farcts. The types of changes produced by the infarcts of average size 
and bj'" the larger ones are shown in Pig. 2. Individual differences 
were considerable, however, and, as illustrated in Pig. 3, of tivo ani- 
mals having an infarct of the same size, one showed almost no change 
in the R-T or S-T segment, while in the other, the change was quite 
marked. 

In all animals in which displacement of the segments occurred after 
the ligation (31, or 73.4 per cent, of the 42 animals), a considerable 
degree of restitution took place within twenty-four hours, although 
some displacement was still present at the end of the three-week period 
in 22 or 71 per cent of the 31 animals in which displacement had oc- 
curred. In nine animals in Avhich the R-T segment was restored to 
normal earlier, the sizes of the infarcts were similar to those in wliieh 
the change persisted beyond the three-week period, the largest as well 
as the smallest infarct being represented in this group. The size of 



Table 1 

The Kelation of the Size ok the Inkaiw;t to the Ei/ECTitocAituiooRAKHio Changes 



•Figures in parentheses in this column indicate number of days animal survive-J 


the operation. 


fFigures in parentheses in this column indicate day after operation 'When ven- 
tricular tachycardia wa.s Hrsl .seen. 

JFigures in parenthe.ses in this column Indicate approximate duration, in day.s, of 
displacement of R-T or S-T segnient- 

(T) Treated svlth aminophylllne 25 mg. per kg., daily, intramuscularly. The 
treatment was without influence on the size of the Infarct, and the two groups were 
treated as one (1). 
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the infarct, if it exerts au}' iiifliienee at all, therefore, does not appear 
^ to be the sole factor determining the speed of restitution of the dis- 
placed E-T segment. 

Ventricular tachj^cardia occurred in 13 animals (31 per cent of the 
cases), appearing at various times from immediateh^ after the ligation 
to twenty-one days later. As pointed out in the previous study,^ the 
use of aminophylline in manj’’ of these might have contributed to the 
high incidence of ventricular tachycardia. The most frequent size, as 
well as the average size, of the infarct in those which showed a ven- 
tricular tachycardia was essentially the same as in those without it, 
and the range of infarct sizes in this group covered almost the whole 
range of infarct sizes in the group without the abnormal rhythm. 

In those that were unable to survive the effects of the ligation for 
as long as three weeks (mdieated bj^ the length of surAuval in the 
table), the infarct was no larger than in the group that survived 
longer periods (range of sizes 2.65 to 9.68 sq. cm. ; average 6.34; median 



Fig'. 3. — Individual differences in R-T cliangres in case of infarcts of similar size. 
(A) Cat 20; almost negligible displacement; infarct 5.87 sq. cm. (R) Cat S; fairly 
marked displacement; Infarct 5.94 sq. cm. 

5.94; mode 5.48 to 5.94). Factors other than the size of the infarct, 
therefore, plaj' an important role in the dui’ation of sur\nval of an 
even apparently normal animal, after a coronary occlusion. AU the 11 
animals which failed to survive three weeks developed K-T or S-T 
displacements, and in 8 of these, the changes were very marked. 

SUMMARY AND CONCLUSIONS 

The occlusion of the entire circumflex branch of the left coronary 
arterj' (without the vein) in cats caused an infarct of fairly uniform 
location but of varying size. The electrocardiographic changes were 
correlated with the different sizes* of the infarcts. The results show 
that : (1) A fairly large proportion (about 25 per cent) may show no 
E-T or S-T segment displacement. (2) Those which fail, under these 
circumstances, to develop displacement of the E-T or S-T segments 
are likely to have the smaller infarcts, and those shoAving the greatest 
degree of displacement are likeh’ to haA'e the largest infarcts. (3) Dif- 
ferences in the speed of restitution of the displacement of the E-T or 
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S-T segment do not indicate differences in the size of the infarcts, 
(4) The oceurrence of ventricular tachycardia throws no light on the 
size of the infarct, it being present after small as well as after large 
ones. The ventricular tachycardia therefore appears to depend chiefly 
upon a focus of irritation rather than upon its size. (5) Individual 
variations are very marked, and infarcts of the same size may be 
found in all the groups, among tlio.se showing no displacement of the 
R-T or S-T segments, among those showing slight or marked displace- 
ment, among those with, and those without ventricular tachycardia. 
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RESPIRATORY CHANGES PRODUCED IN THE CARDIAC 
PATIENT BY REBREATHING EXPERIMENTS AS 
COMPARED WITH THOSE OP THE 
NORjMAL INDIYIDUAL^G 

Haery Landt, M.D., and Julien E. Benjamin, M.D. 
Cincinnati, Ohio 

F or many years Avorkers in the field of experimental medicine have 
been concerned Avith devising a method that Avonld qiiantitatiA^ely 
differentiate, in degree of seA'^erity, the cardiac patient from the normal 
indiAndnal. All the muscle exercise tests that haA’’e been used suffer 
from the fact that the indmdual musculature is a variable AAdiich 
defies quantitation. Furthermore, estimations of change in blood pres- 
sure, respiratory rate, and iiulse rate are in themseh-es very gross 
methods of differentiation. The resiiiratory rate is not an index of the 
amount of am handled by the iiatient. 

The fact that the cardiorespiratory system must be considered as a 
unit is a concept long recognized by the physician. It Avas the realiza- 
tion of this unity and the belief that tlie substitution of a progressive 
anoxemia for muscular exercise AAmild give us a method by AA^hich a direct 
quantitatiA^e burden could be placed on the cardiorespiratory system, 
that led us to investigate the effects of this procedure on the normal and 
on the cardiac patient. 

Our method of investigation Avas definitely influenced by previous 
AA’’ork, the revicAV of AA^hich aauII explain our subsequent approacli to the 
subject. Without delving into the enormous amount of literature deal- 
ing Avith the regulation of the respiratory system, Ave believe that it can 
be definitely stated that progressme anoxemia brings into play several 
compensating mechanisms in the cardioresiiiratory function of the body. 
These compensatory mechanisms are as f o11oa\"S d 
A. Progressive anoxemia per se causes increased ventilation of the 
lungs. More than a decade ago the British Hemoglobin Committee of 
jhe Medical Research Conference- reported that ‘'the Avant of oxj^gen 
must be regarded as having a direct effect on the respiratory center, and 
it does not matter AAliether Ave regard that effect as due to an actual 

*Prom the Institute for Medical Research of the Jewish Hospital. 
fThe autliors are indebted to Professor Laurence R. Culver of tlie Engrineering 
Department of the University of Cincinnati for his valuable advice througliout tlie 
course of the work. Acknowledsement is also made of the technical assistance of 
Mr. Natljan Aronoff. 

Read before The American Heart Association, section on cardiac disorders, at 
Atlantic Citj', N. J.. June S, 1937. 
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stiinulating' property of oxygcji <]nticicnoy or to an increase in the sensi- 
tivity of the respiratory center to tlie hydrogen ion,” The modem con- 
cept of this ])])enoinenon is summarized hy Y. IJenderson, aiid Rad- 
loff." It is as follows: ‘‘t)xygen deficiency through some nonacidotic 
process increases the sensitivity of the respiratory center to its specific 
stimulus; the liydrogen ion concentration of the blood plasma,” 
Schneider^ has also shorn) that in i-ebreatliing expo’iments, when the 
oxygen is depleted and the carbon dioxide is filtered out, the depth of 



the resijirations tends to increase rather than the rate. Tlius we .see 
the effect of anoxemia on the respiintory system per .se. 

B, The .second compensatory mecljanism, according to 'Wiggers/' is 
brought about by the resultant hvT'^'rpn^^a v.'hich has the A'alue of ele- 
vating the blood o.xygen tension. This i.s accomplished by a greater 
admixture of the air in the spirometer wdth the abvx-olar air. In addition 
to this there is evidence which points to the opening of previou-sl} 
unused or partially used alveolar .spaces, tfuis allowing for a better 
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equilibriiuii between the alveolar and the blood gases. However, be- 
cause of the decreased dissociation of oxyhemoglobin in the associated 
hypocapnic state the benefit of the hyperpnea is considerably less than 
may be inferred. 

0. The third compensatory mechanism,^ namely the mereasc in tlie 
number of circulating red cells which occurs as the result of anoxemia, 
cannot be of as great importance as one miglit infer. True, more oxygen 



Fig. 2. — A., aged eighteen years (cardiac). 

is carried to the capillaries as a result of this mechanism, but we must 
hear in mind that it is the partial pressure of this gas that is of the 
greatest importance. Haldane and Barcroft^ slate that tlie increased 
volume of the transported oxygen may keep the partial pressure of tlie 
gas from falbng as rapidly as it might otherwise do. 

D. The fourth compensatory meehanisni'’ is that of increased cardiac 
output. Eecent studies have shovm that the cardiac rate is accelerated 
and the heart forces are increased when the oxj-gen reaches about 14 per 




As a result of the observations just quoted it was our i)remisc that 
the cardiorespiratory system of tlic cardiac patient could not resi)ond 
mth the facility of that of the normal individual when subjected to 
decrease in oxygen concentration. Tlierefore, progressive anoxemia, 
which could be measured, was employed as the method of producing a 
burden on the cardiorespiratory sy.stcm. To accomplish this, atmos7)heric 
air was used in a rebreathing apparatus fitted with a COj filter and 
progressive anoxemia "vvas produced by the patient’s utilization of the 
oxj’^gen in this system. 
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jSIETHOD 

The patient was prepared for the test hi the manner used when a 
basal metabolic rate is taken. A calibrated jMcKesson spirometer with 
a specially constructed floiwneter was employed. All tests were started 
with ten liters of air in the spirometer. In order to prolong the test a 
continuous flow of 50 c.c. of oxygen per minute was allowed to filter into 
the system, care bemg taken to place the oxygen inlet at the opposite 
side of the tanlc from the air outlet. The spirometer was fitted -with a 



Pig-. 4. — H. W., aged thirty-one years (cardiac). 

double speed motor which spread out the grapli and allowed for more 
accurate measurements. In all, forty normal and forty cardiac pa- 
tients, including Class I, Class II-A, and Class II-B types, were tested 
several tunes. Eepresentative results are graphically illustrated in the 
accompanying charts. 


DISCUSSION AND RESULTS 

It will be noted from the graphs that in the normal patient there 
is a definite decrease in the amount of am respired between tlie range 
of 16 per cent to 13 per cent, and about 12 per cent to 11.5 per cent oxj'- 
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geix concentration, yet oxygen deixletioTi of the syslcni conlimies. I-'roin 
previously quoted work it will be noted that it is in this range that the 
cardiac output increases. The charts of the cardiac ])atients do not, sliow 
this decren.sc in volume respiration. The cardiac group in (tla.ss 1 tend 
1,0 .show a leveling off in the JG ]>er cent to 13 jtcr cent oxygen range but 
in no instance did a downward sloja: in the curvt; occur. The other 
cardiac patients in C'la.ss Tl-A and (lla.ss II-B, respectively, .show either 
a curve wliich has a slight teiulency to level off or a continued sustained 
elevation in tbe curve of the graph. 

From our observations it ajipears that at cectain stages the respiratory 
.system must function with a fa<*ifily invci'sely jiroportional to the ability 
of the heart to increase its load. At pre.sent we are unable to .state the 
attending chemical changi'S occurring in the bofly during this jirocedurc. 
There is the definite, possibility that thr-sc curves may lend thma.sclves 
to corrections for .surface area and in<]ivi<lual minute oxygen eonsumje 
tion, but Ave Inu'c reason to believe that these corrections are immaterial. 
Wo feel that this method takes into account important factf»rs, not given 
adeipiate consideration in tlie jmst. h^urthermore, it eliminates the 
variables inherent in tbe ]irevious methods. 

<'ONcrA,:.sio.\s 

J. Normal individuals respoml to anoxemia differently from cardiac 
patients. 

2. The difl'ei'enee coiisisls in the ability of the heart to <'ompensate for 
the burden ]U’odu<red by anoxemia. 

3. The burden placed on tbe cardiorespiratory .system can be quan- 
titated. 

4. The curve of response to the burden .seems likewise to be quaiili- 
tatWe. 
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ELECTEOCABDIOGRAPHIC CHANGES FOLLOWING THE 
INHALATION OF TOBACCO SI\IOKE^= 

Ashton Graybiel, M.D., Boston, j\Lvss., Robert S. Starr, M.D., 
Hartford, Con n., and Paul D. White, M.D., Boston. ]\Lass. 

TT HAS long been loioini that tobacco or nicotine may cause changes 

in cardiac activity. Tranbe,’^ in 1862, while studying the action of 
nicotine on the dog's heart observed that there is at first a slowing or 
even temporary cardiac arrest followed by tachycardia with reinforced 
contractions. Since that time tliere have been a great many experi- 
ments showing that tobacco or nicotine ma^’ alter cardiac activity and 
may provoke various anrienlar and ventricular arrhythmias and auricu- 
loventricular block of all grades. 

Bull, Clerc, and Pezzi,- in 1914, were among the first to use the elec- 
trocardiograph in studying tlie effects of nicotine on the heart. They 
took electrocardiograms on dogs and rabbits which liad been injected 
with toxic doses of nicot ine and observed nodal rliythm, auricular flutter, 
and heart-block. These observations have been repeatedly confirmed and 
recently e.xtended by I^Iattioli^ who studied the electrocardiographic 
changes in rabbits following acute and chronic tobacco poisoning and 
acute nieotme poisoning; the changes ivere similar in all experiments and 
consisted chiefly of partial heart-block, increase in amplitude of the 
T-waves, and decrease in amplitude of the R-waves. 

Ssalisehtseheft* aud Tselieniogoroff-'^- ’’ were tlie first to study the effect 
of the inhalation of tobacco smoke on the human electrocardiogram. 
They asked liealthy individuals to smoke until toxic sjmiptoms appeared 
and electrocardiograms were taken every five to ten minutes during tlie 
test. ArrliAdlimias and heart-block were not observed and characteristic 
alterations in the form and amplitude of tbe several waves were not 
found save in two instances Avliere there ivas sliglit lowering of the T- 
waves. The heart rate Avas accelerated in each instance saA’e one Avhere 
‘ tlie rate sloAved from 75 to 52 a minute. 

Our interest in the effect of toliaceo on the electrocardiogram atos 
stimulated by obserAutions on a healthy yoiuig man of eigliteen years 
AA’ho complained of dizziness on smoldng. Electrocardiograms taken 
after the inhalation of tobacco smoke shoAved Avell marked immrsion of 
the T-Avaves in Leads II and III Avhilc at other times the T-Avaves Avere 
upright and of normal amplitude. To determine wliether or not this 
is a common phenomenon similar tests haA-e been carried out on 45 
individuals. 

•Presented in brief before tlie New England Heart Association. Massachusetts 
General Hospital, Boston, Nov. 19"G. 
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Method . — The subject to be tested was asked not to smoke for at least 
one hour preceding the test. After resting comfortably in a chair or 
bed until the blood pressure and pulse rate reached stead}'- values a con- 
trol electrocardiogram was taken. The smoke of a cigarette was then 
inhaled until either toxic s 3 '^mptoms appeared or the cigarette was 
finished. Electrocardiograms, and blood pressure and pulse rate deter- 
minations were taken repeatedly and notes were made of significant 
signs and symptoms. In order to allow comparison between the several 
tracings standardization of the electrocardiograms was carefully done 
and care was taken that the subject did not shift the position of the 
body during the course of the experiment. Tlie procedure varied some- 
what in that occasionally a pipe or cigar was smoked rather than a 
cigarette, and sometimes two or three cigarettes were smoked consecu- 
tively. In some instances cubebs were smoked as a control and sometimes 
the effect of atropiiie was noted. 

Data . — ^Among the 45 subjects tested there were 3 women. The 
ages of individuals in the group varied between eighteen and sixty-four 
years. Four were nonsmokers, 4 .smoked occasionally, and 37 were 
confirmed tobacco addicts. Sixteen gave a history of symptoms on smok- 
ing, chiefly dizziness, palpitation, and nausea. Two liad hypertensive, 
8 coronary, and 1 hypertensive and coronary heart disease. During the 
test 28 complained of cerebral, cardiac, or gastrointestinal symptoms. 

The temporary increases in heart rate and in blood pressure following 
the use of tobacco are well Icnown. Thirty-nine of the 45 .showed an 
increase in heart rate Avhich averaged 13 a minute, 4 a decrease which 
averaged 15, and 2 no change. Twenty-four of 31 tested exhibited an 
increase in arterial blood pressure which averaged 13 mm. Hg systolic 
and 7 mm. diastolic; 6 showed a decrease averaging 13 mm. systolic and 
3 mm. diastolic; 1 shoAved no change. 

Twenty of the 45 tested showed significant electrocardiographic 
changes other than variation in heart rate. Of the 20, 2 were non- 
smokers, 1 smoked occasionally, and 17 Avere heaAy smokers; 10 of the 
20 gave a history of symptoms on smoking and 15 had symptoms Avhile 
the test Avas being done. 

The commonest electrocardiographic change Avas a decrease pf from 
1 to 4.5 nun. in amplitude of the T-Avaves in Lead I or II AA'hieh Avas 
observed in 15 instances. In tAvo instances there Avas an increase in the 
amplitude of T in Lead I or II. A slight decrease in the length of 
the P-R interval Avas observed tAvice, both times associated Avith fast 
heart rates. In tAvo instances the P-R interval Avas increased, once 
from 0.16 second to 0.22 second. There Avas a decrease of 20 per cent 
or more in the amplitude of the QRS complexes in 4 instances and an 
increase in one other. 

The T-Avave changes are of especial interest. Pig. 1 shows electro- 
cardiograms taken on a healthy young man aged eighteen years Avho 
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Fip. 1. — ^Electrocardiograms taken on a healthy young man, aged eighteen years. 
A control- heart rate 85. R/ immediately after smoking: rate about 100. C. Lead 
II taken thirtv seconds after B; rate about 100. The Q-vrave is more prominent 
in this strip but Uiere is no doubt that it is Lead II. D, Lead II (a continuation 
of O) taken one minute later. 
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cuiniilainoil of diz/.iiioss on Kmokhijj aigaj-oUos, A h the eonfrol and J{ 
the elect roc-ardio'rrani taken irmnedialcly after Kmokhig; note the de- 
crease in tlie lieight of T in fjcads TI and III. C is a strifj of Lead TI 
taken about thirty seconds after li; note the v.-e!l-jnrirked inversioji 
of T. I) was taken a minute later; the T-waves are again upright. The 
test was rc]ioatod on another oeeasion witli similar results, tjnforlii- 
nately the .subject was not available for furtlier tc.sts, 

Tlie electrocardiograms in Fig. 2 were taken on a healtliy woman aged 
twejity-six yoar.s. ^4 i.s the control and H the elect roeardiogram taken 
after she tinished .smoking a cigarette, She eomjtlained of dizziness atid 
slight nausea. There is marked lowering of the T-wave.s in Leads I and 
IT. deerease in amplilmle of l1i<“ eoinphxes, iju-rease in {jrorninence 



Fitr. 2. — Klr'ctroc.'srdiof^rrun,*-’ from n hirUthy wotnnn, iiccd twaly-f-Sx yrsr:*- 
A. loiitriil : h'-.irt no- K‘». ((luoii llM'T.*.. /», iifcr Muni^mK ; hs’nrl nit'; 

130; blood pre-Ksure 120/00. 

of the P-waves, and a slight deerease in the P-l? interval. The electro- 
cardiograms in Fig. 3 were taken on the .same individual. -1 is the 
control tracing. 7i was taken ten minute.s after 0.002 gm. of atropine 
sulfate was gii'en inti-avcnou.sly: note esfiecinliy the deerease in the 
height of the T-waves in Jjead.s T and II. C wa.s taken immediately after 
the inhalation of cigarette smoke and ten minute.s after B; the ampli- 
tude of the T-waves in Lead II has increased. I) was taken two minutes 
after C; the T-waves are now eoinparablc to those in B. 

The elect roeardiograms in Fig. 4 were taken in the ease of a healthy 
woman aged twenty-four years. A is the control elect I'ocardiogram, B 
was taken after the smoking of one eigarettc. and C after the smoking 
of a .second cigarette. At this time she wa.s pale, and complained of 
slight dizziness. Note the decrease in amplitude of the T-waves in all 
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GRAYBIEL ET AL. : 



Pisr. 3.— Electrocorcliograms from a woman. a?ed twenty -six years. A, control; 
tieart rate S5, 13100(1 pressure 120/75. B, after 0.003 stu. atropine inti'avenousl^ . 
rate 130; blood pressure 120/90. C, taken i>»»»ediately after sumkine; rate ^ 
olood pressure 120/9.=i. 73. taken two minutes later; rate 12o. blood pressute 110/S.i. 
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leads. B was laken four minutes after 0. The electrocardiograms in 
Fig. 5 were taken on the same individual. A is the control and B was 
taken two minutes after tlie intravenous injection of 0.002 gm. atropine 



rig. 4. — ElectrocardiogTam.s from a •n'oinaij, aged tiventy-foiir years. A, control: 
heart rate 65, blood pressure 100/70. /?, after one cigarette; rate 90, olood pres' 

sure 125/85. C, after a second cigs.rette; rate 85 to 90. T) v.'as taken four minutes 
after C; rate 75. blood jiressure 110/70. fl.ead iv taken v,-it!i the electrode from 
the right arm placed on the che.'-'t. l 


sulfate. G was taken two and D forty-six minutes later. Note especially 
the flattening of the T-waves in C. 
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Six individuals were tested witli adequate doses of atropine as well 
as with tobacco smoke. In two individuals neither atropine nor tobacco 
caused a significant change in the T-waves, in two others both drugs 
caused a moderate decrease in the amplitude of the T-waves and in the 



5. — ^Electrocardiogi-ams from a woman, aged pventj';four years. A, con- 
trol- heart rate 65 blood pressure 100/72. B, taken two minutes after 0.00^ fan. 
atropine^ rate 90. <7^ four minutes after atropine; rate 130, blood pressure 102/iS. 

D, forty-six minutes after atropine, rate 105. 


remaining two, both drugs caused a marked lowering of the T-waves. 
Thus in each instance the effects of atropine and of smoking on the 
T-waves were similar. 

DISCUSSION 


It is interesting to consider how- the inhalation of tobacco smoke 
might influence the electrocardiogram. 
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When tobacco is smoked llie eliief poisons carried over me pyridine 
bases, carbon monoxide, and nicotine. The pyridine compounds are 
irritating to the mucous surfaces but the amounts absori)ed are too 
small to be of toxicological interest, 

A carbon monoxide saturation of the hemoglobin as higli as 8 per cent 
has been shown to occur after smoking but usually the saturation is 
not over 3 or 4 per cent. It is extremely unlikely that this amount is 
ordinarily injurious, as the healthy individual does not, in most cases, 
exhibit symptoms until llie hemoglobin saturation reaches 35 to 20 per 
cent. Exceptionally an individiial may be extremely sensitive to this 
gas and notices mild symptoms with concentrations such as may result 
from smoking. Although it has been shown that significant inversion 
of the T-waves of the electrocardiogram may ix-sult from earhon monox- 
ide poisoning this is liighly urdikely under the circumstances considered 
here. 

Tlie poison most seriously to he considered is nicotine. Tlie cigarette 
chiefly used in these tests contains ahout otic gram of tobacco v.-hich, 
analysis has .shown, yields 2.52 per cent nicotine. The smoke from 
ahout two-thirds of the cigarette may bo inhaled if allowance is made 
for the stump and the amount Inumed with the cigarette OTjt of the 
mouth, (if thecignrelte is smoked in a peidod of five minutes, at least 
one-half of the nicotine will carry over in the smoke and of this at least 
one-fourth will bo absorbed into the .system. Con.serjuently .somewhere 
in the neighborhood of 2,0 mg. of nicotine will be talcen into the circu- 
lation. '^nuFlunbunTls’^l^ produce its characterLstie action 

which is .stimulation of tlie entire nei'vous .sy.stom followed by depression. 

The chief eftects u])on the IieaiM and vc-ssels of stiinniation or paraly.sis 
of the vagus and sympathetic nei'vc-s are well knov.m. The action of 
nicotine on these nerves oi- tlieii’ ganglia oficis an adequate explanation 
for the chaTiges in pulse I’ato mid blorKi pressures observed during smok- 
ing. Whether or not tlic sjime explanation holds true for the T-v.'ave 
changes is problematical. lifany obsej-vers have shown that stimulation 
of the sympathetic nerve.s or the injection of adrenin causes an increase 
in amplitude of the T-waves while stimulation of the vagus ncn'cs or 
the injection of acetylcholine causes a decrease in their amplitude. In 
man, ])aralysis of the vagus neiwes Avilh atropine is usually regarded 
as having little or no effect on the T-waves. 

In a .susceptible individual the initial loAvering of the T-Avaves 
occurs during the inhalation of the tobacco smoke hut the maximum 
lowering or even iiiA-ersion of T oceui's shoilly after smoking ends. The 
inA'cr.sion or flattening of T lasts only a fcAV minutes and AAolhin half 
an hour the T-awia'cs assume their noimal form and amyditude. If a 
second cigarette is smoked Avhile the T-avoa-cs are still flattened as a 
result of the first, the T-AA'aves may temporarily increase in amplitude 
due presumably to sympathetic stimulation. This increase in amplitude 




Fig. 0 . — ^Electrocardiograms in the case of a healtliy -vroman, aged twenty-six 
vears. A, control; lieart rate SO. S, taken twenty-three minutes after 1.3 mg. atropine, 
subcutaneouslv, rate 02. C, taken during smoking; rate about 120. D, taken eight 
minutes after smoking; rate about 100 . taken thirty-six minute.s after smoking. 


effect of one drug may be used to predict the effect of the other. Tlic 
individuals showing marked lowering or inversion of the T-waves with 
tobacco and with atropine were in each instance young and healthy but 
emotionally labile. More stolid individuals, even those with severe 
coronary arteriosclerotic heart disease did not show tliese T changes. 
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II; is interesting tliat Colin, Fraser, and Jamieson,'^ who found tliat 
atropine alone produced no effect on the T-waves, did find that this 
drug lirought on or intensified the cliaractcristic modification (lowering 
or inversion) of the T-waves seen during digitalization. White and 
Saltier' and Favill and White® also observed that atropine increased 
the digitalis effect on the T-Avave while exercise had the opposite effect. 
We have observed this same synergistic effect Avith atropine and nicotine 
in susceptible indiAuduals but only Avhen atropine Avas given in amounts 
insufficient to produce its characteristic effect alone (Fig. 6). 
C Tuudoubtedl^- a fcAv individuals are pccu barlA' susceptible to the small 
amounts of nicotine absorbed during smoking. So far as the cardiac 
effects of this amount of nicotine are concerned its action suggests 
chiefly parasympathetic paralysis and .sympathetic stimulation. Some 
proof that parasympathetic paralysis may account for the flattening 
or inAmrsion of the T-Avaves is afforded by the similar flattening folloAV- 
ing atropine. Both drugs cause an increase in heart rate but no loAver- 
ing of blood pressure. 

Although it is possible that nic otine may cause the T-Avave changes by 
its act ion on the l ieart muscTc fibers, there is no reason to believe that 
myocardial ischemia is a factor. These changes occurred most strikingly 
in young healthy individuals, anginal pain Avas never present during 
the tests, and amyl nitrite failed to influence the T-Avave changes fol- 
lowing both nicotine and atropine. Furthermore, Laubry and his eo- 
Avorkers® have shoAvn that tobacco or nicotine in small amounts actually 
increases the coi’onaiy Aoav in the isolated rabbit’s heart and that toxic 
doses are necessary to produce Amsoconstriction. 

There haAm been reported and Ave haAm observed,*' attacks of angina 
pectoris folloAving smoking in patients Avith small coronary reserve. The 
explanation commonly offered is that the attacks are the result of 
coronary Amsoconstriction. HoAvever, the true explanation, in some in- 
stances at least and probably in mo.st, is tbe sudden increase in work 
of the heart. This is shoAvn by a striking increase in heart rate, or 
blood pres.sure or both. It is this extra AAnrk suddenty placed on the 
heart that is re.sponsible for the precipitation or aggravation of angina 
pectoris in patients AAOth little heart reserve and unusual sensitivity to 
tobacco .smoke. 

SUAIAIARV' AND CONCLU.SION.S 

1. We haAm made observations on 45 indiAoduals of A^arying ages, some 
Avith heart disease, during the inhalation of tobacco smoke. 

2. It has long been ImoAvn that tobacco or nicotine may be re-sponsible 
for temporary symptoms referable not only to the cardioAmscular sy.stem 
but other systems as well. Thirty-nine of the 45 patients in this series 


The.«e observations viH be reported later In detail. 
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exhibited oii smoldng an increase in heart rate which averaged 13 a 
minnte; 24 of 31 tested showed an increase in arterial blood pressure 
wliich averaged 13 mm. Hg systolic and 7 mm. diastolic. 

3. Of particular interest were certain electrocardiographic changes, 
especially lowering or inversion of the T-waves, which occurred during 
the test in 15 indi-\dduals. 

4. Tlie probable explanation for the T-wave changes lies in the 
characteristic action of nicotine on the cardiac ganglia. Actually the 
T-wave changes foUowuig smoldng were found to be similar to those 
followmg atropinization. 

5. It is suggested that in those occasional instances where attacks of 
angina pectoris are precipitated by smoking ("tobacco angina”) the 
attacks are not the result of coronary vasoconstriction but the result 
of a sudden increase in the work of the heart as shown by the increase 
in blood pressure, or heart rate or both. 
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ELECTJIIOAL iVLTEKNANS OCCUHRING IN A CA8E 
WITH PERICARDIAL EFFUSION^ 

L. I'^ELDMAX, j\I.D. 

Chicago, III. 

r^LECTRJCAL altenians consists of a regular alternation at equal 

' intervals in amplitude or contour, or hotli, of various jiliases of 
tlie electrocardiograijliie tracing. In frequency, it is in sharp contrast 
to the usual and Avell-lcnown type of alternans which is confined to the 
pulse or apex beat, but not registered on the electrocardiogram. Elec- 
trical alternans, like inilsus alternans, is a sign of reduced myocardial 
power, yet the elect roeardiogram only I’arely demonstrates it,* In a 
series of 6,000 electrocardiograms at the Cardiac Clinic of the University 
of Illinois, not one instance of electrical alternans was encountered. 

The mo.st frequent forms are tho.se involving the T alone or both the 
QRS and T-waves, while alternation of the P-wavcs alone is one of the 
rarest forms as described by Chini.® Alternation in the aurieuloven- 
tricular and intraventricidar conduction in man has recently been 
observed.®’ ■* Electrical alternans may vary in degree; it may be con- 
tinuous, but more often is transient,^’ ® a fact which may account for its 
rarit}^ It is of less significance when .seen in extreme tachycardia''' or 
following premature contractions.' 

iMine.s'* in 1913 was first, to describe isolated electrical alternans in the 
eleetroeardiogi’am obtained from the frog's heart. A number of papens 
dealing with the e.xperimental and the clinical side of electrical alternans 
have followed, especially in the foreign literature : Uondorelli,** Galata,’" 
Pez'zi*’ and Chini*® have called attention to this phenomenon during the 
last decade. Bruno Kisch*® considers alternation as an expre.ssiori of the 
mechanical behavior of the ventricles. He believes that all types of 
alternans are expressions of a basic alternans of the heart, “havzal- 
ternans.” According to him, this phenomenon may in various instances 
be demonstrated best bj' the electrocardiogram, by the pulse cun'c, or 
by other methods of examination. Katz*^ states, “We feel that electrical 
alternans has the .same significance, at a slow rate particularl}% as pulsu.s 
alternans. ' ’ 

Hamburger, Katz, and Saphir^ were the first in this country to de- 
.scribe two cases of electrical alternans without pulsus alternans. In the 
experience of these authors, the combination of mechanical and electrical 
alternans is rare, Avhile isolated electrical altei’nans vdthout apparent 

*From the Department of Medicine, University of Iliinoiu, College of J.IedIcine. 
and the Mount Sinai HoKpltal, 
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inecJianical alternation they considered most nniisiial. In one case the 
alternans was a discordant one of the QKS and T-waves. In the second 
the alternation involved the QRS only. The^^ also cite a case, dist^laving 
alternation of the anriciiloventricnlar conduction only. In their first 
case autopsy revealed an anomalous distribution of the right coronary 
artery, narrovdng of the mouth of this artery, generalized coronary 
sclerosis, and multiple microscopic mjmcardial infarcts. In the second 
case, multiple minute carcinomatous metastases within the myocardium 
and in the blood vessels of the heart were found post mortem. Thej' 
concluded that malnonrishment of fractions of the heart Avas responsible 
for the electrical alternation. 

Missal and Craiir recently rei')orled a case with bimdle-liranch block 
displaying alternation in the intraventricular conduction and T-waves. 
There were cycles showing a decrease of the width of the QRS from 
0.13-0.10, followed by T-waves which became inverted. This phenomenon 
was observed in the absence of premature contractions, and respiratory 
excursion did not have any relationship to this unique alternation. They 
suspected the patient's hj-peractive carotid sinus to be causal, although at 
no time did they succeed in producing this alternation by stimulating 
the carotid sinus, even to the point of convulsions. 

Brody and Rossman^ just recently have reported two additional eases 
of electrical alternans, one with pulsus alternans and one without. 
The first ease suffered from degenerative heart disease. The alternation 
involved the QRS deflections only and was transient. An artei-iogram 
taken at the time when the alternans Avas absent, shoAved no mechanical 
alternation. The second case had rheumatic heart disease and AA'as 
thirty-nine years old. The alternans Avas confined to the QRS com- 
plexes. She subsecpientl.A* develoj^cd auricular fibrillation. 

Another case of electrical alternans Avith autop.sy findings is added 
to the literature, occurring in a patient AAUth pericardial effusion, result- 
ing from carcinomatous metastasis to the pericardium. The electro- 
cardiogram AA'as encountered after the patient's death, hence the absence 
of a clinical study of the pulse for mechanical alternation. 

REPORT OF CASE 

Mrs. G.. fifty-four A'cars of age, married, and a hou.sewife, Avas admitted to tlie 
orthopedic serA’ice of the Mount Sinai Hospital on Apiil 19, 19..>G. Three months 
before admission she began to sutler from ^^arthritic ' pains aflecting her spine, 
shoulders, and hips. SJie also hncAr of an existing hypertension whieh ^vns symptom- 
less, except for an occasional dizzy spell. Three Aveehs before entry. Avhile under- 
going hot pack treatment for her "arthritis,-' she suddenly became dy.^pneic, ex- 
periencing substernal pressure, but no actual pain. Since that time, besides pains 
around and in the joints, .'^he had had substernal discomfort, AA'itli choking sensation 
AA'hen lying doAA-n. There Avas some cough, -sA-hich at times AA-onld cause slight pain 
in the left axilla. There had been some loss of Aveight in the last four months. 
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Her previous history revealed the removal of the left ovary and tumor of breast, ten 
and eight years ago respectively. There had been multiple pregnancies. 

The medical consultant found a fairly obc.se woman, face pale, who could not lie 
down. Her temperature was 99.8° T.; pulse, 120 and regular; and blood pressure, 
148/100. The veins of the neck were not distended. The lieart extended about 
13 cm. to tlie left and 4 cm. to the right of the midsternal line. Tliere was 
appreciable retroraanubrial dullness. Tlie heart sounds were clear, but distant. 
Ho rubs were heard and there was evidence of fluid in the left pleural cavity, 



Fie. 1. — Electrical altoman.s in all three leads involvini; the QRS complexes. In 
Lead I the P-R interval in certain cycle.s is .slightly prolonged, concordant with the 
QRS alternation. .S-Ti and S-T: are elevated and convex. Rate 120. Record taken 
April 20, 1936. 



Fig, 2.— A 2 :1 auricular flutter i-s pre.sent with a ventricular rate of 130. No 
electrical alternation in Lead I, but the QRS complexe.s .are all low. In LrCaU ii, 
there i.s tnansient electrical alternation, the high complexes being not quite as nign, 
and the lower not quite a.s low as in the corre.sponding ]c-.ad of Fig. 1. Rc-cora tax^n 
April 2.3, 1936. 


with obliteration of Traube's space. The liver was not felt. There was no edema 
of back or extremities. There was no leucocytosis, the urine was not abnormal, and 
the Kahn test and routine blood chemistry showed no abnormalities. 

Because of the distant heart sound.® a bedside film tvas taken. It revealed a 
markedly dilated and hypertrophied heart, the enlargement being mostly in the region 
of the left ventricle, fluid in the left pleural cavity, and a slight amount of fluid in 
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the right pleural cavity. The configuration, of the heart was such that neither the 
roentgenologist nor the consultant did as much as suspect fluid in the pericardium. 

An electrocardiogram at this time (Fig. 1) showed upward convexity of the S-T 
segment in Leads I and II, and frank continuous electrical alternans of the QES 
complexes in all leads. In Lead I the P-E interval of certain cycles was slightly 
prolonged concordant with the QES alternation. Another electrocardiogram (Pig. 
2) four days later showed a definite 2:1 flutter with a ventricular rate of 150 per 
minute, and absence of the alternans in Lead I, but the QES complexes were all low. 
In Lead II there was .a transient electrical alternans, the higher complexes being 
not quite as high and the lower complexes not quite as low as in the corresponding 
lead of Fig. 1. 

The patient became rapidly worse and died nine days after admission. Necropsy 
by Dr. Israel Davidsohn revealed metastatic adenocarcinoma to the lungs, mediastinal 
glands, mediastinal pleura, and the pericardium. The pericardium contained 1,000 
c.c. of a bloody fluid. Tlie heart weighed 35S grams, the wall of the left ventricle 
measuring 14 mm. Grossly there was no evidence of infarction, fibrosis, or 
metastases. Both auricles were normal in size, and showed no evidence of 
metastases, special attention being paid to the region of the S-A node. The coronary 
arteries showed no abnormalities. The liver and kidnei's showed a few metastatic 
nodules. The uterus, left adnexa, and right tube were absent and the right ovary was 
normal. The right breast presented an old scar. 

Microscopic examination of the heart revealed slight increases in the interstitial 
connective tissue. In the subepicardial layers accumulations of lymphocytes and 
plasma cells were present. The pericardium was markedly thickened by loose, young 
granulation tissue which was infiltrated ■with a large accumulation of lymphocytes 
and* plasma cells. In some areas large atypical epithelial cells were seen which had 
hyperchromatic nuclei and were similar to those seen in the tumor of the limg. Tissue 
examination for tuberculosis and guinea pig inoculation gave negative results. 
'While the source of the metastatic carcinoma was not found, it was the opinion of 
the pathologist that it may have originated in the ovary or in the tumor of the breast 
that were removed some years previously in anotlier hospital. 

COmiENT 

The absence of the electrical alternans from Lead I of the second 
electrocardiogram (Fig. 2) does not necessarily indicate that the condi- 
tion of the heart has improved, as it might appear at fii’st tliought. It is 
more likely, according to Hamburger and his associates,^ that its dis- 
appearance has exactl}’’ the opposite significance. Alternans means tliat 
at a certain stage of heart wealmess certain portions are unable to re- 
spond normally to every stimulus but fluctuate alternately between a 
better and poorer or even no response. As the myocardial wealmess pro- 
gi'esses the condition is changed and the heart may give a poor but 
constant response to every stimulus.^* ^ This probably accounts for the 
constantly low QES complexes in this lead. It is highly probable that 
the onset of the auricular flutter caused additional fatigue in an already 
embarrassed heart. On the other hand the reappearance of transient 
alternation in Lead II of this electrocardiogram may, paradoxicallj^ 
indicate improvement of certain regions. However, that the heart is not 
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as Strong as in tlie preflutter stage (Fig. 1) is indicated by the fact that 
the highest QES complexes are not quite as high as those in the corre- 
sponding lead of the first electrocardiogram. 

Since autopsy failed to elicit disease of the coronary arteries, extensive 
myocardial fibrosis, or metastatic lesions to the heart, the massive peri- 
cardial effusion is probably the cause of the electrical alternans in this 
case. It is not certain whether it is an isolated alternans or not, since the 
patient’s pulse was not studied by an arteriogram. However, the 
patient’s son, a well-trained physician who was in constant attendance 
gave the assurance of not having found a pulsus alternans by palpation 
or blood pressure determination! 

That pericardial effusion may alter the voltage of the electrocardiogram 
is not unknonm. Oppenheimer and Mann'^ and GageF'’' have described 
such changes. Scott, Peil, and Katz^' produced among other electro- 
cardiographic changes, lowered voltage in their experimental pericardial 
effusion. Harvey and WhitehilP® found low voltage in eleven out of 
fifteen cases of pericardial effusion. They all attributed the change to 
the fluid which by its hydrostatic pressure caused anoxemia of the 
heart muscle. It was usual for the height of the deflections to increase, 
as the fluid was nithdraum, and the patient improved. 

But that pericardial effusion may cause electrical alternans with or 
ndthout pulsus alternans is not franlcly recorded except for the remark 
bj'’ Harvey and 'Wliitehill,^® ''Alternation in amplitude was occasionally 
observed, as were changes in the form of each second or third complex. 
These changes were present only in fairly large effusions.” 

The essential disturbance in electrical, as well as in meehanical 
alternans, is alternation in the physiological response of parts of the 
heart due to fatigue or malnourishment of certain fractions of the 
myocardium. Coronar.v disease has been found in almost all of the cases 
reported. The literature contains many references to the so-called 
coronary alteimans. Lewis'*’ was the first to demonstrate alternans of the 
heart following coronary occlusion. CondorellP® described electrical 
and pulsus alternans in man with disturbed coronary circulation, and 
also in dogs foUowng coronary occlusion. Kisch'^ found that inter- 
ference -with the nutrition of the dog’s heart through coronary closure 
may cause alternation, even when the pulse does not increase. The 
alternation promptly disappeared following the removal of the coronaiy 
ligature. 

Now, it has been assumed during the last seven or eight years that 
pericardial effusion may interfere with the coronary circulation. This 
assumption was employed to explain the changes in the S-T segment and 
T-wave often .seen in pericardial effusion, clinical and experimen- 
tal.'®’ Katz and his associates*' thought that the h 3 'drostatic 

pressure within the pericardium caused a “herztamponade,” and thus 
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compressed tlie vascular chamiels, leading to anoxemia. The removal 

of the fluid in their experimental animals restored the electrocardiogram 
to the normal. 

Hence, it is easily conceivable that the anoxemia thus produced may, 
under certain circumstances, interfere with the intrinsic circulation 
of certain regions of the heart muscle and thus lead to alternation. The 
slight fibrosis and subepicardial infiltration in this case were in all proba- 
bility noneon tributory ; the former being inconspicuous and the latter 
only localized. The effect of the hydrostatic pressure may vary widely, 
depending upon rapidity of filling, amount of fluid, and distensibilih' 
of the sac, according to Katz.-^ The electrical alternans then in this 
case with pericardial elfusion was presumably caused by anoxemia and 
may be designated as the coronary t^Tpe of Kisch, although the coronaries 
were structurally normal. 

The auricular flutter developing a few da 3 's before death in the absence 
of metastasis to tlie auricles, is additional evidence of an existing 
anoxemia. That pericardial effusion may cause disturbance in cardiac 
rlijdlun and conduction is loiown. Gager’® reported an instance of 
heart block that disappeared after the withdrawal of tlie fluid. Harvey 
and Wliitehill’® found two eases of auricular fibrillation, one ceased 
spontaneously, and the other immediately follo^ving the vdtlidrawal of 
800 c.c. of fluid. In the experiment of Ivatz=” and his associates, 
arrhythmias were encountered which were abolished by removal of the 
'fluid. Hence, the auricular flutter in this case is analogous to that seen 
in coronary disease — anoxemia being the essential cause in both in- 
stances. 

sraniARY 

A case of electrical alternans occurring in a patient witli pericardial 
effusion is added to the literature. 

Autopsy revealed carcinomatous pericarditis 'with 1,000 c.c. of bloodj 
fluid. The coronary arteries were patent and not abnormal, and the 
myocardium showed only slight fibrosis. 

It seems very likely that the hydrostatic pressure within the peri- 
cardial sac compressed the vascular channels and caused an anoxemia. 
The latter is conceivably the cause for the alternation, which may be 
designated as the coronary t^'pe of Kisch in .spite of stiuetuiallj normal 
coronary arteries. Changes in the S-T segment, frequently occurring 
in pericardial effusion, were also present. 

Auricular flutter appeared a few days before death. In the absence 
of metastasis to the auricles, this arrhjffhmia is attiibuted to the anoxemia 
--resulting from ‘‘herztampoiiade.’’ 

Electrical alternans, like pulsus alternans, carries a grave prognostic 
significance. 
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special Article 


STAKDAEDIZATION OF PRECORDIAL LEADS 

Joint Recomimendatioits op the A:merica2^ Heart Association and 
THE Cardiac Society op Great Britain and Ireland 

In tile last few years, electroeardiogi’aphie leads in wMcli an elec- 
trode placed upon the precordinm is paired with an electrode in con- 
tact with some part of the body distant from the heart have come into 
widespread nse. The confusion which has resulted from the lack of 
nniformity and precision in the technique and nomenclature employed 
by different observers in connection with leads of this kind has led 
to an almost universal desire that a standard practice be established. 
To this end the American Heart Association and the Cardiac Society 
of Great Britain and Ireland have each appointed a committee to con- 
sider this matter and make recommendations. The two committees 
have conferred and have agreed jointly to make recommendations 
with reference to the routine use of a single precordial lead. It is 
understood that either committee may make additional reports with 
reference to multiple precordial leads and other matters not dealt 
with in the present report. 

1. It is recommended that those who employ a single precordial 
lead place the preeordial electrode upon the extreme outer border of 
the apex beat, as detei-mined by palpation. If the apex beat cannot be 
located satisfactorily'' by palpation the electrode may be placed in the 
fifth intercostal space just outside the left border of cardiac dullness, 
or just outside the left midclavicular line if percussion of the heart is 
unsatisfactory. Where precordial leads are taken by a technical as- 
sistant, the position for the precordial electrode should be marked on 
the chest by the physician. 

2, It is recommended that a single precordial lead in Avhich the pre- 
cordial electrode has the location specified in the preceding para- 
graph be known as Lead lY B when this electrode is paired with an 
electrode in the left interscapular region ; Lead lY R when it is paired 
with an electrode on the right arm ; Lead lY L when it is paired with 
an electrode on the left arm; Lead lY F when it is paired with an 
electrode on the left leg; and Lead lY T when it is paired with a cen- 
tral terminal connected through equal resistances of 5,000 or more 
ohms to electrodes on each of the three extremities mentioned. 

It is suggested that for all ordinary purposes Lead IV B or Lead 
IV F he employed. The latter lead should have the preference until it 
has been established that the former, which is somewhat more conven- 
ient, is equivalent to the latter for all practical purposes, or yields 
results of equal value. 
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3. It is vecoimneiulecl that, in t,akin«r the precordial leads specified 
the galvanometer connections lie made in sncli a way that relative 
positivity ol the apical electrode is represented in the finished carve 
by an upward detleetion (a deflection above the isopotential level) 
and relative negativity of the ajiical electrode hy a downward de- 
flection. 

Tt is urged that this convention be adhered to in the case of pre- 
cordial leads other than those .specified, and also in the case of all 
leads in which one electrode is placed much closer to the heart than 
the other. In other words, it .shall be the standard convention in 
taking .such leads to make the galvanometei* connections in such a 
Avay that relative positivity of the electrode nearer the heart is repre- 
sented hy an upward deflection. 

4. It is recommended that with the galvanometer conneetions made 
as de.scribed in the preceding paragraph, the deflections of precordial 
leads be designated by the symbols P, Q, R. S. and T, and that in the 
application of these symbols the .same conventions be employed as in 
the case of the standard limb leads. 

5. It is recommended that in taking preeordial leads the electro- 
cardiograph be so ad.iusted that a deflection of one centimeter in the 
finished record corresponds to a potential diff’erence of one millivolt 
as in the case of the standard limb leads. Any reduction in sensitivity 
made necessary by veiw large deflections .should be clearly indicated 
on the curve preferably' by photographing the effect of introducing 
a potential difference of one millivolt into the galvanometer circuit, 

6. It is recommended that the greatest dimension of the apical 
electrode emplo.ved in taking the leads specified in this report he 3 
cm. or less. A circular electrode between 2 cm. and 3 cm. in diameter 
should ordinarily be emplo.ved. 

7. It is recommended that the terms Lead TV (R, P\ etc.) ; apical 
lead, apex-leg lead, etc., be used henceforth only' in connection with 
the leads specified in this report. 

Signed 

Arlie R. Barne-s Frank X. Wiksox 

Harold E. B. Pardee Cn arises C. Wolferth 

Paul D. White 

Committee of the American Heart A.ssociation on 
the Standardization of Precordial Leads. 

D. Evan Bedford I. G. W. Hill 

John Cowan John Parkinson 

A. X. Drury P. H. Wood 

Sub-Committee of the Cardiac Society' of Great 
Britain and Ireland on the Standardization 
of Che.st Leads. 
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BRUCELLA IMELITENSIS BACTEREMIA ASSOCIATED WITH 

^h:getative endocarditis«= 

Daniel E. Levy, ]\I.D., New Ha\’en, Conn., and Benjamin 

SiNGERMAN, ]\LD., BURLINGTON, Yt. 

T here is an impressive rarity of references in the literature to cases 
of endocarditis due to Brucella inclifensis. In 1928, Scott and 
Sapliir^ reported one ease and found only five additional references to 
cases of this nature. Since that time other single eases have been re- 
23 orted by Gate and Ravaiilt,- De La Chapelle,^ Casanova and Ignazio,^ 
Gounelle and Warter,= and Reimie and Young.® De La Chapelle, in 
commenting on his case,^ states that, “'A survey of the literature failed 
to discover any fatal cases with necropsy findings of subacute bacterial 
endocarditis due to Br. mcUtensis A. in this country.’' He is careful to 
point out that among the few cases which had been reported with autopsy 
findings up to the time of his report the vegetative endocarditis was im- 
planted on an old deformed valve or superimposed upon chronic (rheu- 
matic), endocarditis. In the few cases wliieh liave been reported since 
De La Chapelle ’s, a careful scrutiny of the findings seems to indicate 
that the presence of an old endocardial lesion is the rule. In the pies- 
ent case there was undoubtedly evidence of preceding chronic mitral 
involvement, probably rheumatic in origin. 


REPORT OF CASE 

J S a white male, fiftv-four years of age, who had been a moulder for tlie past 
tliirt%' years, entered the Grace Hospital on March 20, 1936. He complained of fever 
and chills. The past history included a very short attack of “malaria” at the age 
of nineteen He had had a frostbite seven years before admission, and a fracture 
of the rio-ht clavicle shortly thereafter. The parents were both dead. The causes 
of death were unknown. There was no history of tuberculous contact. The patient 
had been having chills and fever for seven weeks before admission to the hospital. 
Early in this illness there had been a chill every day. The chills now occurred 
ever^second or third dav, lasting from five to thirty minutes. There was complaint 
of niarked weakness and lassitude. A review of the cardiorespiratory system revealed 
that there had been considerable coughing, productive m nature. Tlie patient raised 
four to ei-hf ounces of sputum daily. It had never been blood-streaked but was 
thin and watery. This cough had been present for four weeks prior to admission. 
There was no hemoptysis or epistaxis. There had been hoarseness for three weeks. 
Dyspnea had been present on exertion for the past few years. There was no ankle 
edema, precordial pain, or palpitation. His gastrointestinal history revealed 

*From Uie :Medical Service, Grace Hospital, New Haven, Connecticut. 
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anorexia for tlic paHt three v/cekfi, aEHoeKitCf] vrfth conEtipation. filooln v,'ere ap- 
parently normal. Hi.e genitourinary' history rc'/ealel noetaria three or four times 
each night for several yc'ars. Ko 'lysuria or hematuria. 

Examination. On admission temperature •.vas 302.^'' F. {reeriilly}; palKc, 300j 
respirations, 24; and blood pressure, 320/fcO, The j^jitiemt '.vas a slexi/ler, ealiow 
male, lying comfortably in bed in no distress. There vms evidence of considerable 
loss of weight. I^upibs were equal, regular, and re?ic}ed to light and accommodation. 
Xose and car.s v/erc negative, dlie teeth were in poor cmolition. The tongue v/as 
dry and slightly coated. There vois no cervical adenoj/athy or rigidity. There was 
niarhed retraction of the supraclavicular fossae. The wirdiac impulse was noted 
lateral to the anterior tixillaiy' line. A systolic thrill was felt over the apical area. 
In this same region a very’ loud systolic murmur tvas audible. This was tranr-mitled 
to the axilla. The same rnunnur was heard over the entire precordial area and 
over the base, Tliere ivas regular riiythrn. Breathing at both apices '/,'a.s some-,', -hat 
bronchovesicular lioth anteriorly and posteriorly, irumerous moist rales wc-'c present 
at the left base and over the right afK;x. TJie liver was slightly enlarged and a 
tender edge was palpable just Ia'Iov.' the costal margin, Zso petechia or icterus was 
note/L There was moderate clubbing of Uic lingens. No abdo,odn.'il tendernerjs, Xo 
edema of the extremities. Ho jm|.<iii7rie.'jt of tlie motor or yotihorr functicma of the 
extremities. Beflexes v/erc normal. Temtative diagnosis on admission v.'as rheumatic 
heart disease, pulmonary tuberculosis, or pneurnoc/zniosis. 

Admiimi'm Lahoratonj Data. — ^Bed blood count v/at: 2,d00,000; hemoglobin, 57 per 
cent (Bare) ; white blood count, 14,400, Si cent j/olymorphonucbrars, 1,5 per cent 
mononuclears, 1 per cent eosinophiles. Blood .sugar v/as 120 mg. j/'.t 100 e.c., non- 
Xmolein-nitrogen, 30 mg. jHir 100 e.e. The urine tva.s cloudy, an'ilzer, acid vrith 
specific gravity 1,012, albumin 4 plus. J7umerou.s white blood cells wx-re seen under 
the microHCope. Some of these 'were in clumps. TFere v.ere also nurnerou?, red blood 
cells. Trje sputum was watery. There -.vere a few epitlielml celh;, Zio jws cells and 
no tubercle Izaeilli were found. (Exarninatimi included concentration tests of 
.sj/utum.) The smears *ho'.ve<3 ehiefiy gram-j/ 0 .sitivc cocci, some in clusters, ami msiny 
fusiform bacilli and spirilla resembling Vincent’s crgani«m.s. 


Clinical Course. — A.n X-ray film of the ehe-fc revetiled whet was thought to b-c 
jiulmonary tuberculosis involving the upper lialves of both lungs. TliC- heart- was 
situated medially. It gave the- 5rnx>res.“ion of being moderately enlarged in all 
diaraeterH, most marhedlv to the- left. The question of silicosis wms HeriourUy debated 
because of the man’s lengthy service as a moulder- The right lung especially .showed 
a generalized fibro.sis throughout. On llie left side this was pre-smut bfit not so 
markedly below the fourth rib. 

Daring the first two weeks of the patieiit’s stay in the hosyzital, chills occurred. 
These lasted axzproximately fifteen roinrjtes oa each occasion. Tl-'cy were Tisuahy 
three or four day.s apzart and left the patie.ut exhau-sVal. Frequently there was p-'C" 
fuse sweating, A pcoductive cough vras noted. At times the wrgbing spells were 
very severe. On one occasion after corrghing there v/as an exp/cctoration of a large 
amount of nist'Colored sputum and also some .sputum streakc'I with fresh blood. To- 
ward the la.st two weeks of his nin«5S the patient ha/3 occasional epistax.es. Ho-me- 
times the bleeding was r/rofuse. Ilte mucous membranes were almost co1orJes-s, 
Transfusion did not seem materially to alter tlie ’progress of the di,sease, Brostratiorr 
became more and more marked. 


After the first week in Ap/ril the sclerae assuroe/1 a subicteric ti.ut. I-atcr the skin 
color was oo/c au loM. Toward the end of the dii-xrase, jaundi/ic- wa-s marke/l. Also, 
after the first week in April a loud diastolic murmur was heard in the p/ulr-uosic area. 
Frequent extrasystoles were obs/jived. T/je abdomen was spastic and tender througn- 
out. It was slightly tymp/anitic. Anorexia was aevere. The jrziienX was ezamme^ 
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daily for the appearance of petechiae. About the middle of April a single question- 
able one appeared in each conjunctival sac. A day or two later, examination of the 
eyegrounds revealed a hemorrhagic area in the left fundus just below and to the 
right of the optic disc and about three-fourths the diameter of the disc. On that 
occasion a definite petechia, was seen in each of the lower conjunctival sacs, the 
one on tlie left having a central pinpoint whitish area. There were also observed 
several petechiae on the abdomen and in the right axilla. Small ecehymotic areas 
were present in the right axillary region. A few days later new conjunctival 
petechiae appeared and then they became very numerous over the chest, abdomen, 
and back. The spleen was not palpated at any time. During the last ten days it 
was noted that the left pupil was larger than the right. The tongue protruded 
slightly to the left and there was moderate nucchal rigidity. The left knee jerk was 
hj’peraetive. 

With the jaundice, the urine became verj* dark. Widal tests were negative for 
typhoid and paratyphoid A and B. 2^o malarial parasites were seen. After the first 
week in April the blood culture was reported negative. On the tenth of April agglu- 
tination test for undulant fever was positive in dilutions of 1:50 and 1:150. No 
history of drinking goat’s milk was obtained. Another blood culture made on 
April 13 was reported negative on April 16. However, these same flasks on April 23 
showed a positive cxilture of JBnicella melitensis. The agglutination test remained 
positive in a dilution of 1:150. Several blood counts during the hospitalization 
showed only a moderate increase over the original leueocytosis. The differential 
count remained approximately the same. Eepeated examinations of the urine 
tlirougliout the course sliowed very much the same picture as at entrance. The sputum 
remained repeatedly negative for acid-fast bacilli. Wassermann and Kahn tests 
were negative both on the blood ^ and spinal fluid. The spinal fluid itself was 
clear. It was under normal pressure. The Pandy reaction was negative. Three 
mononuclears per cubic millimeter were found in it. A blood culture made on April 
18 was reported on April 22 as showing approximately 5,000 colonies of Brucella 
melitensis, per cubic centimeter of blood. The temperature curve was of the septic 
variety, sometimes swinging up to nearly 105° F. and often subnormal. The pulse 
varied with the temperature. The respirations were never markedly accelerated. 

About the middle of April the patient’s blood pressure was only SO/50. With 
his rapid downliill course he became incontinent of urine and at times delirious. 
On April 22 his respirations were labored and the pulse was failing rapidly. On 
that day he died at about 10:50 a.m. 

Autopsy . — The post-mortem examination was made by the pathologist, Dr. C. J. 
Bartlett. The summary of liis findings are herewith given: The skin showed a 
moderate degree of jaundice. There were large numbers of minute petechiae over 
the front part of the chest and abdomen and also over the back. 

On opening the abdominal cavity a small amount of clear liquid was present. 
The liver extended about one fingerbreadth below the costal margin. There were a 
few minute petechial hemorrhages in the parietal peritoneum. 

There was no liquid in the pleural cavily. There was an old adhesion at each 
apex. The pericardial sac contained a little more clear liquid than the normal- 
On opening the heart with aseptic precautions, a vegetation could be seen attached 
to the mitral valve and a considerable portion of this was removed for culture and 
microscopic examination. Each side of the heart contained considerable thin liquid 
blood and soft moist chicken-fat clots. The mitral valve showed a friable vegetation 
somewhat over 1 cm. in diameter and one other area showed a small granular surface. 
In the wall of the left auricle there was one small slightly elevated vegetation. The 
mitral valve showed fibrous tliickening in some areas, such as would result from 
chronic rheumatic valvular endocarditis. The valve was not much shortened and 
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presumably was competent. The larger vegelution referred to involve'd both iIh; 
under and upx«r surface.^ of tJie \-alvc*. This orifice measured 11 ern. Tiie aortic, 
pulmonic, and tricuspid valves and orifices showed nothing of particular note. The 
heart weiglied 410 grams chiefly due to hypertrophy of the left side. The cavities 
were somewlitit dilated and the myocardium was fltiiiby. Tlie aorta was smooth. 

Both lung.' showed considerable black pigment. At each apex there wtis firm .>-.ciir 
ti.'sue with a large amount of black jngment. At tlie left apex this artei of .“car 
tissue was greater than at the right and measures! about 5 or 0 cm. in diameter. This 
was the type of scarring whicfi would re.^ult from an old tuberculous process though 
there was an excessive Jimount of pigmentation. No cavitation was found. S':hXtoml 
throughout the remains of both lungs were numerous .small black areas, .sojne of which 
were considerably firmer than the .surrounding lung tissue. This ’.vas interpreted 
as indicating some degree of silicosi.s but there wa.s an almndan'-e of functioning 
lung tissue. Bronchi, a little larger than normal, hut no bronchiectatic '-avitic-s were 
recognized. The right lower lobe was congested .and there was a little blood on 
tlie mucous membrane of the bronchus of this side wliich presumably came from this 
lobe. 

Tlie .spleen weighed 020 grams. It showed numerous recent infarcts varyhig from 
0 or 7 cm. in diameter down to much .“mailer oriO?. Tiic pulp was' reddish and .soft 
but not so much .so as in jt typical septic sideen. The Maljiighian bodies were readily 
recognizable. 

The j/tincreas ivas negative. 

The stomach showed several minute petechial hernorrhage.s in the inucous mem- 
brane jmrticularly in the lower half and ti very few were found along the coursti of 
the intestine. 

The liver weiglied 1,800 grams. It tvas in general smooth but on the convex 
surface of the left lobe, with jiroper illumination, there could Ik* ree-ognized very 
minute granules. These were not seen elsev/here. .\.side from this the liver and 
gtiU bladder wore not sibnonnal. 

The suprarenal (mi>.sules showed nothing of note. 

The kidneys had a combined weight of 41.j grams. Tlie capsules .“tripped readily 
leaving a .smooth surface, Tlie kidneys were pale yelifr.v in color suggesting a mix- 
ture of a little bile .staining with fiUty degenenition. One kidney showed a recent 
infarct about one and onc-half cm. in diameter and the other kidney showe<l a cy.“t 
of about the same size projecting above the cortical surface. A very few minute 
fietechial spots were seen in the kidney.s. The cortex was of good thickne.”. The 
bladder showed a few petechial spots, 

Tlie prostate showed nothing of note. Tlie brain showed a liitle edema of the 
meninges. Xothing of note aside from a few minute x»ete^;hia] hemorrhage.s was 
recognized. 

Tfie anatomical diagnoms wa.s subacute bacterial endocarditis of the roitnil valve, 
chronic mitral endocarditis, myo<mrdial degeneration, scans of old tubercnlou.“ le-sions 
at apicfjs of lungs. f?ome silicosis of lungs, acute infarcts in spleen and on** kidney. 
Fatty degeneration of kidneys, minute petechial hemorrJiages in .skin and various 
organs. Slight amount of ascites. Bile staining of ti.ssue in genc.^al. 

Microscopically the myocardium showed nothing of jianicular note. The ruitrsd 
valve showed some chronic thickening together with an acute inflammaton' process. 
The exudate here was chiefly fiVirin, with comparatively few celhs. In a section of 
the vegetation stained by the Gram-IVeigert method there were pre-sent in the fibrin 
great numbers of minute granular structures, probably gram-negative bacilli, a 
smear made direct from the vegetation l>e£ore fixation shoived many ,=rnaH gram- 
negative almost coccoid bacilli. 
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Sections from tlie apices of the lungs showed dense fibrous tissue with much 
gi-anuiar pigment. No tubej-cles or caseation were recognized. Neither iiere nor in 
any of the sections from other parts of the lungs was any active tuberculous process 
recognized. Sections from some parts of the lungs showed groups of pigment with 
a little increase in fibrous tissue around this but there was no considerable amount 
of fibrosis except in tlie sections from the apices. Sections from the right lower 
lobe showed a fair amount of blood and some desquamated epithelial cells in the 
air spaces. The small bronchi also appeared somewhat dilated. 

Tlie infarcted portion of the spleen showed the usual jncture of acute infarct. 
Elsewhere there had been a hyperplasia of the spleen pulp with moderate increase in 
the connective tissue. 

The liver and pancreas showed nothing of particular note. 

The retroperitoneal tymifii nodes showed considerable intercellular hyperplasia. 
Microscopic examination of the intestines added nothing to the gross description. 
A frozen section of the kidney stained for fat sliowed a great deal of this in the 
epithelial cells of the tubules in the cortex. It was in the form of fine droplets 
and indicated a marked parenchymatous degeneration. Some of the glomeruli 
showed more jiartial subdivision than normal and a few of them showed a cellular 
attachment to Bowman’s capsule. Some also showed a few poljTuorphonuclear 
leucocytes inside of Bomnan’s cap.sule. Hyaline casts were present in some of 
the tubules. There were some areas of round cell infiltration between the tubules 
and the cortex. This appeared to be a .diffuse inflammatory and degenerative process 
involving the tubules and to some extent the glomeruli. 

The bone marrow of the femur was considerably more cellular tlian normal. 

COMMENT 

Since the diagnosis of brucellosis is being made with greater and 
greater frequency, one should be alert to the possibility of bacterial 
endocarditis in this disease particular!}'- when the patient lias had a his- 
tory of rheumatic or congenital heart disease. If blood cultures are 
done by the usual methods, one should not lie deceived by the slow 
growth of the organisms. 
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PAROXySlilAL AURICULAB PIBBILLATION IN THE COUBSE 
OP RIGHT HEART FAILURE DUE TO CHRONIC 
PULMONARY TUBERCULOSIS 

Case Repobt® 

j\'IiLTON B. Rosenblatt, M.D, 

Ne\v’' York, N, Y. 

I T HAS been well established that cardiac failure may be produced 
by a hypertension of the lesser circulation. In this type of failure 
the inereased resistance in the pulmonary circulation results in hyper- 
trophy and dilatation of the right side of the heart. While this condi- 
tion may be due to a primary obliterating pulmonary arterial disease, 
it is more commonly due to chronic diseases of the lung. 

One of the notable features of this form of cardiac insufficiency is 
the extreme infrequency of disturbances in cardiac rhythm. This point 
has been emphasized by White’^ and also by Smith, ^ who showed that 
the heart in pulmonary disease characteristically failed with normal 
rhythm. In a study of right heart failui’e previously reported® and in 
observation of these eases on the Tuberculosis Division for the past 
five years, this is the first in.stanee of cardiac arr^dlimia that we have 
encountered due only to right ventricular failure. 

S, G., a fifty-five-year- old baker, v/as admitted to the Montefiore Hospital on 
Sept. 20, 1936, with a history of pulmonary tuberculosis of tvrenty years' duration. 
With the exception of a brief ijeriod of hospitalization at the onset he had been able 
to work all the time and complained only of a moderate productive cough. In 1934, 
following an hemoptysi-s, there was an exacerbation of the pulmonary tuberculosi-s, 
and his condition became progressively worse up to the time of admission. In ad- 
dition to his pulmonary sjTnptoms he had experienced recurrent attacks of syncope 
since 1931. These seizures were brief, occasionally associated with convulsions, oc- 
curred about twice monthly, and recoveiy was spontaneous each time. 

Physical examination showed the patient to be well developed, well nourished, 
and comfortable. There were no cardiac symptoms. The heart was not enlarged, 
there were no murmurs, and the rhj-thm was regular. The systolic blood pressure 
was 110 and the diastolic pressure 'was 00. The liver edge was palpable 2 cm, below 
the costal border but was not tender. There was no peripheral edema. Eoentgen 
ray examination of the chest disclosed an extensive bilateral tuberculosis of the upper 
lobes with several large cavities. The cardiac outlines were within normal limits. 

The important laboratory data are summarized as follows; Sputum, positive; 
Wassermann reaction, negative; urine, negative; blood chemistrj', negative; red 
blood cells, 4,290,000; hemoglobin, 82 per cent: white blood cells, 12,500 with normal 
differential; sedimentation rate, 20 mm. in one hour; venous pressure, 4 cm. of 
water; electrocardiogram, normal except for low voltage, 

*From the Tuberculosis Division of the Montefiore Hospital. 
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The clinical course in the iiospital was characterized cliiefly by recurrent large 
hemoptyses. However there was no remarkable change in his general condition un- 
til Hot. 3j 1936, when he suddenly became dyspneic, and examination revealed the 
pulse to be totally irregular. Tiie cardiac rate at the apex was 140 per minute and 
the pulse rate was 116. There was no visible venous engorgement or peripheral 
edema. No electrocardiogram was taken at that time. The patient was rapidly 
digitalized and completely recovered vithin twenty-four hours. An electrocardio- 
gram on the following day showed a normal rhythm. On November 14 the patient 
experienced a similar attack and a tracing taken during the seizure showed auricu- 
lar fibrillation with a rapid ventricular rate (Pig. 1). 

These episodes were repeated at approximately weekly intervals without any 
manifestations of congestive heart failure until Dec. 7, 1936, when, in the course 
of anotlier paroxysmal attack, the d 3 'spnea became progressively worse, and the 
patient became markedly cyanotic. The liver was enlarged to 4 cm. below the costal 
border, but there was no edema of the extremities. There was no response to therapy, 
and the patient died on Dec. 9, 1936. 

On post-mortem examination the heart weighed 450 gm. There was no peri- 
cardial fluid. The right auricle and right ventricle were markedlj' dilated and 
hj’pertrophied, but the left auricle and ventricle were normal in size. The maximum 
thickness of the right ventricular wall was 10 mm. There was no valvular disease. 



The coronary arteries showed slight sclerotic thickening but were patent through- 
out. Microscopic examination showed hj-pertrophy of the fibers of the right ventricle. 
Of interest in the examination of the lungs was the finding of extensive bronchiectasis 
which was indicative of the long duration of the pulmonary tuberculosis in this 
patient. 

Auricular fibrillation, in itself, has been found on many occasions 
in patients on the tuberculosis wards. However, it has always been 
associated with hj’-pertension, coronary artery disease, fibrinous peri- 
carditis, or vahuilar disease. This is the fii’st instance we have observed 
in which the only pathological condition found on autopsy was hyper- 
trophy and dilatation of the right side of the heart. 
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KEVEKSIBLfi BUNDLE-BRANCJI BLOCK IN A CASE OF 

GOITER 


TOXIC 


ViCTOK A, Dioii.io, JI.D. 

PUIUVDKI.IMJIA, Pa. 

B UNDLE-BRANIRI block associated with liypcrthycoidi.sm .seems to 
be a rare oeeurreiiee. The fortuitous cncouuter of such a ease 
made follow-up clectrocardiograi)hic study nccc-ssaiy in order to deter- 
mine whether reveraion to the noi’inal would occur as is frequently 
true of inverted T-waves in this disease. 

The following ca.se, .seen on the cardiological .sen'iee of Dr. J. B. 
AYolfCe, is presented as an illustration of true reversible bundle-branch 
block because of a gradual ciiange in the electrocardiographic picture 
following thyroidectomy rather than an abrupt reversion to a normal 
rhythm. 

Mrs. M. J{., aged twenty-nine years, was admitted oa duly ID, JOIIO, to the 
surgical service of Dr. Wayne W. nalieock at Temple Univor.sity Hospital com- 
plaining of palpitation, nervou.Mnoss, loss of weight, easy fatigululity, prominence 
of the eyes, tremor.s, intolerance to warm weather but fondiios.s for cold and 
ability to stand the cold with le.ss covering than is required by the average indi- 
vidual, She .stated that .“he was well until July, It*.”!!, when she began to have 
the above symptoms. She was put to bed for si.v wccli.s by lier doctor, who gave 
her iodine and four or live x-ray treatments to the neck. She fell better for a 
time, but there was no mnrhod improvement. She became pregiiant in 3032 
and again in 303-}, during which time praclicnlly all lior symptoms di.sappeared. 
Five weeks prior to adniis.sion she c.vpericnced an exacerbation of the above symp- 
toms and lost 35 pounds. Palpitation became fretpient and severe and tremor 
of the hands so marked that on one occasion .she dropped a sugar bowl. She be- 
gan to have attacks of precordiul pain without radiation. She was troubled 
with constipation, and her last menstrual period (one week prior to admission) 
lasted onl^' two days whereas it previously lasted five days. There were no other 
symptoms. 

Past medical history included nien.slcs, whooping cough, diphtheria, and scarlet 
fever in childhood. She had had no other illnes.s. She has four children living 
and well. The family history is irrelevant. 

Physical examination showed the following: White young-looking woman, 
mentally alert, of good color. There was no fnink exophthalmos although her 
expressioa was somewhat “ storey,” and the palpebral lis.surcs were somewhat 
widened. The thyroid was visibly enlarged. The peripheral vessels were soft. The 
Xiulse was rapid (120 per minute), equal in both wrists, and sjTichronous with the 
heart impulse. Tlic ajiical impulse was diffused over a wide area and was tu- 
multuous, causing the entire breast to ri.se and fall with .systole and diastole. The 
cardiac outline was within normal limits to percussion. The heart sounds were 
loud. There was accentuation, of the second pulmonic sound. No adventitious 


no 
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sounds 'were heard. There was no e^'idence of cardiac failure. Laryngoscopic exam- 
ination was, negative. Fine digital tremors were noted. The blood pressure was 
150/100. Impression: Toxic goiter. 

Laboratory Studies . — ^Urine was yellow color, acid reaction, specific gravity 1.017, 
very slight trace albumin, negative sugar, no casts, no red blood cells and no wliite 
blood cells. 

Blood count showed 70.4 per cent hemoglobin, 4,890,000 red blood cells, color 
index of 0.73, 5,350 white blood cells, 72 per cent polymorphoneutropliiles, 24 per 
cent lymphccj-tes, 3 per cent monocytes, and 1 per cent eosinophiles. 

Basal metabolism on admission was plus 18 per cent. 

Electrocardiographic examinations on July 20, 1936 (Fig. 1), showed left bundle- 
branch block (new nomenclature) and tachycardia. 

ThjToidectomy was performed by Dr. Wayne W. Babcock on July 21. 

On July 23 conduction disturbances although still present were greatly diminished. 

On Sept. 4, 1936, there was complete absence of bundle-branch disturbance. 

Fluoroscopic examination on July 20, 1936, showed that the heart was of normal 
size, shape, and position. There was no apparent enlargement of any of the 



Fig. 1. — ^Reversible bundle-branch block in a case of toxic goiter. 


chambers. The heart was markedly overactive. Tliere was no abnormality of the 
aorta. The lungs were clear. The diaphragm was quite low. 

On July 29 and Sept. 4, 1936, there was no change except that the heart was no 
longer overactive. 

Pathological Peport . — Gross description: Specimen consisted of several ragged 
pieces of pale, beefy thjwoid tissue. The largest measured 6 x 2.5 x l.S cm. 

Histological description: Microscopic sections showed the tln-roid to be composed 
of large areas of more or less solid cellular tissue. Througliout this, tiny acini were 
seen. Here the picture suggested that of a fetal t:t*pe of adenoma. In other areas 
the acini were somewhat larger and parth' tilled with colloid. The lining epithelium 
was of the cuboidal type. There were areas of hyalinized fibrosis. The thyroid 
stroma was cellular tliroughout with a few collections of small round cells. The 
diagnosis was involuting toxic goiter. 

Sampson^ q-uite recently saw a similar iiatient 'Svho showed a recession 
from the hiindle-hranch block form after an acute cardiac episode at the 
termination of her thyrotoxicosis by tin*roidectomy. The changes ap- 
peared rather gradually over a period of one week. . 
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DISCUSSION* 

The cause of Innidle-branch block in these cases is uncerUiin. Samp- 
son feels that . transient anoxemia of the heart muscle and conduc- 
tion system’" is responsible. Whatever the factor or factors involved, 
it can be .said that bundle-branch block a.ssoeiated %vith hyperthyroidi.sm 
may be reversible following api)ro])riate therapy. 

The siiniificance of the last statement is ajiparent when one considers 
the possibility that a single electrocardiogram showing bundle-branch 
block may mislead tlic jiliy.sician not onh* in the prognosis, despite a 
more hopeful outlook, but also in the diagnosis of a given case. 

The above eases may be added to those reported by Samiison and 
Nagle,* Bishop and Bishop,’ Wolff, Parkinson and White/ to modify 
our ideas regarding the prognostic significance of bundle-branch block. 
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HYPERPYREXIA AS A COI^IPLICATION OP 
RHEIBIATIC FEVER 

REPORT OF A CASE"' 

JoH2sr A. Boone, i\LD. 

Charleston, S. C. 

T T YPERPYREXIA occurring during the course of acute rheumatic 
A A fever is a dangerous, hut fortunately a rather rare complication of 
the disease. During the past fifty years there has been practically no 
mention of it in the literature, although the subject is treated at some 
length in most of the larger S 3 ’'stems of medicine. Probablj’’ the best 
discussion, based on 110 eases collected from the older literature and his 
personal experience, vas made by Sir William Chui’ch.^ 

It would seem to be exclusively an affection of adults, the juungest 
reported ease being seventeen years of age. It is most eommon between 
the ages of twenty and thirty years and is rare after fifty. j\Iales are 
affected more often than females in the ratio of approximately 3 to 2. 
The majority of instances occur during the first attack of rheumatic 
fever, the incidence diminishing in repeated attacks, and the mortality is 
greatest in those cases occurring in the first attack. There is no apparent 
tendency for an indmdual patient to have hj^perpjuexia again in sub- 
sequent bouts of rheumatic fever. 

In many the joint symptoms are relativelj’- mild, and the patients are 
frequentty said to have been in a depressed mental state prior to their 
onset. The appearance of h 3 q}erpyrexia usually is preceded bj’- cerebral 
symptoms, though not uniformly, and most frequently comes in the 
second week of rheumatic sjuiiptoms. The joint manifestations are 
quickly clouded by excitability that may progress to mania or somno- 
lence and stupor deepening to coma, and convulsions almost invariably 
supervene. Death from exhaustion or respiratory failure is the rule in 
untreated cases, and may occur in treated cases. Neither antipj-retic 
drugs nor mild cooling measures have been effective. Onl}’- ice baths, 
promptly given and repeated as often as necessaiy, seem to have been 
of any marked value in saving life. 

Post-mortem findings as described are veiy incomplete, since most of 
the reported cases occurred before histological examination of tissues 
was generally practiced. Descriptions of gross findings are remarkably 
negative, little besides congestion of the cerebral vessels and terminal 
pneumonia being found. The heart valves usually are eonspicuoush* 
free from anatomical deformity. 

•From the Medical and Pathological Services of the Peter Bent Brigiiam 
Hospital, Boston, Mass. 
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Because of the rarity of the condition, tlie paucity of post-mortem 
descriptions and the lack of recent literature on the subject, the follow- 
ing case is reported. It is the first case of hyperpyrexia complicating 
rheumatic fever to he admitted to the Peter Bent Brigham Hospital 
since it was opened in 1913. 


REPORT OF CASE 

P. B. B. H. Med. No. 47100. — F. E. K., a f orty-year-old native spinster, was 
admitted to the hospital at 2:.80 r.M. on June 25, 1935 in a comatose condition. The 
family history revealed that the patient -.s father liad died of a “heat stroke,” hut 
the history was otherwise irrelevant. As a cliild slie had chicken pox, measles, mumps, 
and scarlet fever. Ten years before admission slie was confined to bed for five 
months witli rheumatic fever, but liad no temperature iiigher than 103° F. at that 
time. She had frequent mild sore throats, but otherwise had seemed quite well all her 
life. For the past two years she had been considerably upset emotionally over condi- 
tions at her place of emplojanent as a clerk and was given to frequent crying spells 
at home. Four weeks before entry she developed a nasopharyngitis with some 
swelling in the neck glands, which persisted several days. Two weeks before entry 
she noted some stiffness and soreness in various joints, and ten days before entry went 
to bed with more severe joint pains which were relieved by salicylates administered 
by her private physician. During the week before entry she began to have periods 
of irrationality at night, and three days before had a moderate nosebleed. Her tem- 
perature tended to rise during the night, but as far as known did not exceed 102° F. 
The day before admission she began to have a few mild twitching movements of var- 
ious parts of the body and that night was completely irrational. The morning before 
admission she seemed stuporous and her temperature was found to be 105° F. She 
was then sent into the hospital. 

Physical examination showed a well-developed and well-nourished middle-aged 
woman lying limply in bed, comatose, breathing stertorously in infrequent gasps. 
The rectal temperature was 109° F. (this was the upper limit of the thermometer 
scale). The pulse was small and thready, the rate 162 per minute. Tlie respirations 
were not Cheyne-Stokes in character. The blood pressure was not obtainable. The 
skin was cold and clammy, the face and extremities cyanotic. Scattered over the 
thorax and abdomen were many tiny serum-filled blebs imparting a rough feel to the 
skin. Scattered infrequently over the whole bodjq more especially over the lower 
legs, were a few petechial hemorrhages. The eyes, including pupillary reflexes 
and ophthalmoscopic examination, were normal. The breath was foul, the lips and 
mucous membranes dry and cyanotic. The heart was of normal size, the sounds of 
poor quality, rapid and regular without murmurs. The lungs showed a few scattered 
rales and tracheal rhonchi. The abdomen was normal to palpation. No peripheral 
or tendon reflexes could be obtained. 

Laboratory studies showed the blood Wassermann and Hinton reactions to be 
negative. The urine was clear, with specific gravity 1.011, and showed a very 
slight trace of albumin. The sediment contained rare red blood cells and a moderate 
number of coarsely granular casts. The blood showed hemoglobin 70 per cent 
(Sahli), red cell count 3.8 million, white cell count 27,000 with 75 per cent poly- 
morphonuclears, 13 per cent small lympliocjTes, 7 per cent large lymphocyte.s, and 
5 per cent myelocvdos. A stained blood smear was otherwise normal. A blood 
culture was negative. The blood urea nitrogen wms 42 mg. per 100 c.c. A lumbar 
puncture shortly after admission showed normal pressure, Queckenstedt, chemistrj’’, 
.and Wassermann reaction. 
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Caffeine sodiobenzoate n-as g-iven subcutaneously and an attempt was made to 
lower the extremely high temperature by wrapping the patient in a wet sheet and 
playing an electric fan over it. Under tliis regime the temperature slowly fell until 
after two hours it had reached 106° U. At about this time there began smaU twitch- 
ings of the lips and face and gradualh' the remainder of the body muscles became 
involved in the twitchings. The temperature continued to fall and by midnight had 
reached 103° P. The muscular twitching continued to spread and to increase in 
severity, no effect being had by carbon dioxide inlialations, calcium gluconate in- 
travenously, or sodium phenobarbital subcutaneously. During the last five hours of 
her life the patient was in a continuous clonic convulsive state. She gradually 
became exhausted and died fourteen hours after admission to the hospital. 

POST-MORTEil FINDINGS 

Gross . — The abdominal organs were normal with the exception of two small uterine 
fibroids and a small ovarian cyst. The heart weighed 280 grams. There were a few 
petechial hemorrhages scattered over the Ansceral pericardium but no evidence of 
pericarditis. In each auricle were small ante-mortem thrombi. The heart valves 
were entirely normal in appearance. The endocardium showed numerous tiny, 
slightly raised, white points near the attachments of the tricuspid valves, and 
three small petechial hemorrhages in the septal portion of the left ventricle. The 
lungs were normal aside from one small area of atelectasis and a few scattered 
petecliial hemorrhages on the idsceral jileura. The brain showed mild diffuse cerebral 
edema, venous congestion, and a distinct pressure cone at the base, involving 
cerebellum, pons, and medulla. There was a small meningioma, 4 mm. by 6 mm., 
over the right frontal lobe. The subarachnoid fluid was clear, showed no organisms 
or increased cells, and no exudate was seen. Close examination of sections, especially 
in the region of the basal ganglia, showed notliing abnormal. The superior longi- 
tudinal sinus and several of the cerebral veins showed ante-mortem thrombi. 

Microscopic . — The heart showed a most striking active rheumatic involvement of 
myocardium, epicardium, and endocardium, including the mitral and tricuspid valves, 
as exemplified by Aschoff bodies in large number and in all stages of development. 
In one of the larger coronary arteries there was a lesion in the intima and media 
w'hich was interpreted as being of an acute rheumatic tj-pe, and numerous vessels 
contained recent tlirombi. One section showed a nerve trunk coursing in the epi- 
cardial fat, and invohung this nerve was a t\-pical Aschoff body. There was some 
very slight scarring through the myocardium, interpreted as being probably the 
healed lesions of the previous attack of rheumatic fever. In the sections from the 
aortic sinus and the arch of the aorta there was prominent thickening of the 
adventitia, swelling and fragmentation of the collagen, and numerous strands of 
fibrinoid material. Into this matrix there was prominent infiltration with monocytes, 
multinucleated cells, Ij-mphocj-tes, and small numbei's of polymorphonuclear leucocytes. 
About the numerous small vessels small groups of Aschoff cells were seen. SimUar 
changes were seen in the pulmonary and renal arteries. The remaining viscera showed 
little of importance aside from frequent fibrinous thrombi in small vessels. Sections 
of the brain, including cerebral cortex, basal ganglia, pons, medulla, and cerebellum, 
showed nothing aside from engorgement of vessels with occasional thrombi and slight 
to moderate edema. Fiber tracts and cells were well preserved. The pituitary showed 
an area of hemorrhage in the pars intermedia about the size of one low power field. 
It extended laterally into the interstices of ' the dense collagen of the dura and 
slightly into the pars anterior and pars nervosa, but principally it infiltrated the 
fibrous tissue in the pars intermedia and lay about the cuboid-line .spaces. It con- 
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sisted principally of red cells, but there were masses of free pigment and several 
instances of phagocytosis of pigment. In one region there were a few small strands 
of fibrin among the cells. 

COSUtlENT 

The mechanism of the production of hyperpyrexia in rheumatic fever 
is quite obscure. The only lesion found in this case that by any chance 
might be conceived to have been of causative effect was the pituitary 
hemorrhage, but there is no emdence that such a lesion can cause hyper- 
pyrexia. Granted that such an excessively high temperature is of 
“cerebral origin,” there is a possibility that one of the widespread 
small-vessel thromboses might have involved the hypothetical “heat 
center” of the brain. 

The case reported was probably beyond any therapeutic measures 
when first seen in the hospital. It would seem, however, that since hy- 
perpyrexia tends to appear rather late in the rheumatic attack, and 
nearly always signals its imminence by symptoms of cerebral disturb- 
ance, it could be Avatched for by taking frequent temperature readings 
and controlled in its early stages bj* simple physical measures. 
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Editorial 

The American Heart Journal, tuicler the editorship of Dr. Lewis A. 
Conner, has attained a position of distinction. Great honor is due Dr. 
Conner for the service that he has rendered in the development of a 
journal that is having- a significant iaflnence on the progress and 
practice in this field of medicine. It is hoped that the high scientific 
and literary standards set by him may be maintained. 

The new Editor-in-Chief is aware of his responsibilities, and with 
the help of the Associate Editors and the Editorial Board, will strive 
to promote the further development of the American Heart Journal. 

TPrccl 31. Sviith. 
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Selected Abstracts 


Hess, W. R.: Central Regulation of Circulation and Respiration. II. International 

Medical Week, Lucerne, 1936. Ab-iitractcd from Ztsclir. f, Kroi.^lauflorficli, 29; 

.370, in.37. 

The central nervouis HV.stem coor<.linate.>! the state of the rc.<j;irafory and circula- 
torj’ .‘•y.«tem.« according to the necd.‘< of tlie nionient. Then; a unity ijelwocn the 
nervous .\v.stcm and tlie i)hysiol<)gie state of tlie organs afi’ected. The part of the 
nervou.s system involved in stimulating respiration .and eirciilation i.« tlie .sympathetic 
nerves, tmd that for eonserving their activities is the para.sympalhetif; nerves. The 
centers are in the rnedull.a and hypothalimis. 

L. N, K. 

Drossier, Willtelm: Pulsations of the Wall of the Chest: I. General Considera- 
tion, Arch. Tnt, Med. 60: 22.'., 19.37. 

Examination by means of simple inspection and palpation is almost iihvay.s .suf- 
ficient to demonstrate diagnostically important pulsatory finding.". Tlie gniphic 
registration serves merely to control the elinie.;il findings; it should bn carried out 
with the fixed receptor. 

Pulsatory movements of tlie thonieie wall are e.“S‘;ntialIy caused by the effect of 
change in shape and diminution in volume of the he.art. Hyiiortrophy and dilata- 
tion of the right chamber in association witli I lie dilatation of the left auricle, as 
encountered in ease." of lesion." of the mitral valve of a severe degree, lead to a 
forceful systolic propulsion of the procordial area near the sternum. 

.Systolic depressions of the tlioraeic wall are due to the ceatripetally directed 
movement of the cardiac systole, which exerts an aspiralory efiVet on the thor.acic 
wall in two ways: (1) directly, when the heart is in contact with the thoracic wall, 
and (2) indirectly, owing to the fall in intrathoracic jires.sure e:iused by sy."tole. 
The efifect of these aspiratory forces on the thoracic wall is equalized under normal 
conditions mainly by two factors: (1) the oppo."itely directed jiropulsivc force 
due to the .systolic change in shape of the heart and (2) the expnn.sion of the 
lungs. 

Pathologic depressions of the thoracic wall during sy.--tole are due to fl) marked 
increa.se of the systolic a.spiratory efi’ect (reduction of ventricular volume during 
the systolic efllux), (2) inliibition of the systolic change in shape of the lieart, and 
(3) inhibition of the e.xpansion of tlie lungs. 

An increa.se of the stroke volume much more commonly causes sy.stolic depression 
of the thoracic wall tiian do adlicsions of the pericardium. 

The liver may transmit its xmlsatorj’ movements to the adjacent thoracic wall.. 
Normally the systolic efflux of venous blood from the liver often causes a depression 
of the portions of the thoracic wall in front of it. Tlie systolic depression is often 
particularly marked in the presence of aortic regurgitation; this is due to the 
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increase in stroke volume and the increased aspiratory effect. Tricuspid regurgita- 
tion as a rule causes a forceful systolic propulsion of the hepatic area. Tlie systolic 
impulse of tlie blood regurgitating into the large riglit lobe of the liver transmits 
to the wliole chest a frontal movement directed from left to right. A presystolic 
propulsion of the thoracic wall over the liepatic area is often noted in congestive 
failure of the right side of the heart but particularly in the presence of tricuspid 
stenosiS; provided tlie auricle is still capable of contraction. 

In addition to primary pulsatory phenomena, which occur directly at the place 
of the pulsatory impact, secondary pulsations or associated pulsatory movements 
ai’e observed. Tliey should be looked on as distinct effects of the primary pulsatory 
forces. Pulsatory movements of the whole chest in a frontal direction are caused 
by a compensatory effect of both tj’iies of pulsations; this is observed wlien there is 
marked hj'pertrophy of the left ventricle, tricuspid regurgitation, or mitral regurgita- 
tion, associated with aneurysmal dilatation of the left auricle to the right. 

Author. 

Hallock, Phillip, and Benson, Ikel C.: Studies on the Elastic Properties of 

Human Isolated Aorta. J. Clin. Investigation 16: 595, 1937. 

A method for experimentall}’’ obtaining the volume-elasticity coefficients of 
isolated aortas has been described. 

The mean volume-elasticity curves demonstrate that arterial rigidity increases, (a) 
progressively with age and (b) with increasing diastolic pressure. 

The aorta of old age assumes the role of a capacity chamber or reservoir and by 
virtue of this readjustment it becomes adapted to the reception of the cardiac output 
without imposing an undue strain on the heart, a condition which would otherwise 
result if the disaijpoarance of elastic tissue occurred without a concomitant increase 
in the diameter and length of the aorta. 

If the pulse wave velocities are calculated from mean volume-elasticity curves 
and compared with the mean pulse wave velocities obtained in living man at cor- 
responding ages, it is found that the mean values obtained on the isolated aorta are 
less than those obtained in vivo by about 6 per cent. In tlie study of isolated aortas, 
the A'elocity values are slightly low due largely to the factor of elastic ‘'‘after- 
action.” 

Due to the satisfactory agreement of the pulse Avave velocities found in vivo and 
in the isolated aortas it is possible to evaluate the condition of the aorta in living 
man by comparison Anth an isolated aorta liaA-ing appro.ximately the same pulse waA’e 
velocity. 

Author. 

Levine, Samuel A. : Presence of Digitalis in Body Fluids of Digitalized Patients. 

Arch. Int. Med. 60: 240, 1937. 

A patient Avith cardiac disease who is digitalized and Avho yet .shows peripheral 
edema or free fluid in the body caA'itics occasionally has symptoms of headache, 
nausea, A-omiting, giddiness, and lassitude after diuresis induced Avith salyrgan or 
morcuriu or Avith theophylline. The.<e symptoms could be due to digitalis into.xica- 
tion when the body fluids are excreted through the kidneys by Avay of the blood 
stream, if that body fluid contained digitalis substances. 

On the basis of the chemical method of Schmidt, modified in terms of the 
physical properties of digitoxin, edema fluid from the pleurae, peritoneum, and leg 
Avas treated and concentrated, with the recoA-erj- of a gray Avhite precipitate. This 
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precipitate, suspended in Clark’s solution, was placed in a Straub preparation of the 
frog heart to be tested for digitalis, and the results were recorded on a kjTnogram, 
These curves were compared with curves for known digitalis. 

A total of twenty-nine specimens of fluid from twenty-four patients was examined. 
Eighteen fluids were from known digitalized patients. Thirteen of these gave 
positive evidence of digitalis by the biologic method. The results were questionable 
in four cases and negative in one case. Two specimens from patients with question- 
able digitalization gave doubtful results. Nine specimens of fluids from patients 
with tuberculosis, neoplasm, or cirrhosis of the liver, none of whom had been given 
digitalis, were used as controls. None of these showed any digitalis effect. 

Although no exact quantitative determinations were carried out for the thirteen 
fluids showing curves indicative of a digitalis effect, we believe the amount re- 
covered was significant and sufficient to cause clinical sjTnptoms in patients under 
the conditions discussed. 

The Knudson-Dresbach reaction for the quantitative determination of digitalis 
glucosides was unsatisfactory in our experience. The qualitative Keller-Kiliani test 
for desoxycarbohydrate, though not specific and not highly sensitive, gave poritive re- 
actions for five of eleven specimens of fluid showing the digitalis effect by the biologic 
method. 

It is believed that active digitalis substances arc present in the body fluids of 
digitalized patients and that they can be recovered. Further studies are nccessarv', 
however, to confirm or to discredit the idea that these substances may give rise to 
symptoms of digitalis intoxication following diuresis, 

Acthoe. 


Condorelli, L.: The Pneiunomediastinxun in Cardiological Diagnosis. Cardiologia 
1: 26, 1937. 

The author describes his anatomical investigations and presents evidence in favor 
of a "septum fibrosum" between the anterior and posterior pneumomediastinum. The 
significance of pneumomediastinum in cardiological diagnosis is discussed, with special 
reference to the condition of adherent pericarditis, 

AUTHOE. 

Mahaim, I., and Benatt, A.: Studies on the Superior Connections of the I^eft 
Branch of the Bundle of His-Tawara With the Interventricular Septum, 
Cardiologia 1: Gl, 1937. 

In men there are branches from the left bundle of His which supply the muscle 
of the interventricular septum. These arise high uj^ near the bifurcation of the 
main bundle. 

These branches are very small and can only be demonstrated by most careful 
and systematic investigation. In normal conditions they are of veiy little im- 
portance but they may account for some anomalous results observed in clinical 
cases of branch-bundle lesion. 

AUTHOE. 


Blumberger, BL: The Differentiation of Two Types of Sino-Auricular Block, 
Deutsche med. Wchnschr, 62: 1377, 1930. 

Partial S-A block can be diiTcrentiated in much the same way as A-V block. 
The one tj’pe shows the equivalent of the Wenckebach period; the second does not. 

L. N. E, 
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Geraudel, E.: A Case of Auriculo-Ventricular Dissociation With Tachycardia. 

Cardiologia 1: 9, 1937. 

The author describes a ease of sinus tachycardia -with partial block which he has 
observed for fourteen years. The frequency varied from 120 to 200 per minute. 
Occasionally, the records showed signs of heajf block. The relations of the observed 
changes to auricular flutter are discussed. 

Author, 

Edsch, Bruno: Intermediate Waves in the Electrocardiogram. Cardiologia 1: 17, 

1937. 

Attention is drawn to the occasional occurrence of certain typical positive waves 
in the electrocardiogram which have not been previously considered. These are the 
following: 

There are two extra waves between R and Q, one immediately following P and the 
other immediately preceding Q. If Q is absent the latter precedes E. There is an- 
other wave between S and T, or if S is absent between K and T. 

Author. 

Sigler, Louis H., Stein, Isidore, and Nash, Philip I.: Electrocardiographic Changes 

Occurring at Death. Am. J. M. Sc. 194: 356, 1937. 

Electrocardiographic studies were made on 20 cases before, during, and after 
clinical death. The changes noted were: sinus tachycardia, followed by sinus 
bradycardia and sinoauricular standstill; development of ectopic foci of irritability, 
resulting in nodal rhythm, single and multifocal ventricular premature contractions 
and ventricular paroxysmal tachj-cardia; appearance and disappearance of auricular 
activity; auriculoventricular block in various degrees; ventricular fibrillation; 
marked changes, in the initial and terminal ventricular complexes; intraventricular 
conduction disturbances in various degrees up to bundle-branch block. In many 
cases the electrocardiographic manifestations were noted as long as one hour after 
clinical death. 

The factors responsible for these dectrocardiograpliic changes appear to be disturb- 
ances in the vagosympathetic control of the heart, anoxemia, toxemia, and local 
nutritional and ionic disturbances in the heart. That anatomic disease of the heart 
itself is not responsible for the tiltiraate manifestations is evidenced from the fact 
that these changes occurred in the normal as well as in the diseased hearts. The 
sinus slowing and standstill, as well as the various grades of auriculoventricular 
block, appear to be mainly of vagal origin. Intraventricular disturbances are 
dependent on the other factors. The latter disturbances depict changes in the 
distribution of the excitation waves and the order of excitation and retraction as 
well as transient focal blocking and localized partial or total refractoriness. 

Author. 

Weiss, Soma, and Wilkins, Robert W.: Myocardial Abscess With Perforation of 

the Heart. Am. J. M. Sc. 194: 199, 1937. 

The two cases of solitary myocardial abscess with perforation of the heart are 
described. In the first case the abscess, caused by S. aureus, ruptured into the right 
ventricle as well as into the pericardial sac. In the second ease the abscess, caused 
by pneumococcus, was localized mainly in the fat tissue at the junction of the auricle 
and ventricle and was formed as a direct extension of a small mural pneumococcus 
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vegetation. This abscess ruptured into the pericardial sac. Jn botli cases’tlie clinical 
course did not .suggest .sep.'ii.s and tJie unexpected cardiac i)erforaiion resulted in a 
fatal circulatory collapse. 

While abscess of the rnyocardiuni in cases of sepsis is not an unusual occur- 
rence, perforation of the heart by abscess is rare. Seven such instances, collected 
from the literature, are cited. As judged from the nine ca.^es now available, 
myocardial ab.sce.sses are silent until their rupture causes .sudden low thoracic pain, 
followed by circulatory collapse. Jn two of the nine cases a diastolic murmur was 
present. 

AtJTUOIl. 

Narat, J, K.: A New Electrical Stethoscope. Ztschr, f. ICreisIaufforsch. 29: 313, 

J937. 

A contact Rochelle crystal microphone was used with a button attached to be placed 
against the ehe.st. The current iff amplitied by a ‘J-.stage radio amplifier unA through 
a tone filter. This method is also used for pulse records. Records were made on film. 

L. N. K. 

Molz, B.; A Method of Obtaining Unipolar Leads in the Electrocardiogram. 

Ztschr. f. Krei.slautTorsch. 29: 3f»l, 1937. 

Previous methods of obtaining unipolar electrocardiograms arc not free of 
theoretical objections. A new method is de.«cribed. A pcrsoji is placed up to his 
neck in a wooden bath containing warm conducting solution and an extensive wire 
mesh. The wire mesh gives the potential of the entire body and this shows practically 
no change during the heart boat. This mesh is used as the inditferent electrode. 


L. N. K: 
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Original Communications 

APNEA OR CONVULSIONS FOLLOWING STANDSTILL 

OF THE HEART* 

Cuintcaij and Experimental Observations 

P. Forjiijne, M.D. 

Ajisterdaim, Holland 

O NE of tlie most dramatic diseases known is the s^mdrome of 
Adams-Stokes caused by periodic standstill of the heart. The 
effect of sudden interruption of the supply of blood to all organs, 
more especially of that to the brain, is violent. About ten seconds 
after disappearance of the pulse, sudden loss of consciousness usually 
occurs, and later severe convulsions may appear. It may be assumed 
that convulsions are, under these eireumstanees due to anoxemia of 
the brain, for Kussmaul and Tanner showed in 1853 that convulsions, 
similar in nature to these, ma}^ be readily produced by clamping off 
its four main arteries. The sensitivity of the respiratory center to 
anoxemia is now well known and cessation of function of this center 
during long attacks of Adams-Stokes .syndrome maj* not only be ex- 
pected to occur theoretically but can sometimes aetuallj’’ be observed. 
The jiresent study is concerned with physiological disturbances, cere- 
bral in origin, Avhich occur not during the attack of cardiac standstill 
but almost immediately after. These cerebral symptoms consist of 
(a) cessation of re.spiration (period of aimea) and (b) convulsions. 
Doubtless similar iihenomena have been observed by many authors, but 
they have been universally described as Chejme-Stokes breathing, klost 
authors believe that Adams-Stokes attacks give rise to Cheyne-Stokes 
breathing through anoxemia of the brain. The most accurate account 
of this sort of apnea has been given by Griffith.^ He describes a case in 
which the period of apnea had a constant and peculiar relationship to 
the period of standstill of the heart. It did not begin until after the 

*A preliminary report of this subject was read in the Deutschen Gesellschaft fOr 
KreisIaufCorschung, 8. Tagxmgr. 1935. 

From the IMedical Service of the University of Amsterdam, Director, Professor 
Dr. I. Snapper. 
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poi'iod <)l a«y«f.ol(! had jjaasafl off; Ihaj-a v/a‘i occaHionally ovon an jnha’val 
ol! a i'avf’ Kaaorid.s batwaaji Ilia cinl of asyslola and tha baj-'inninK of aprioa. 
They never coinaidod in linn*. In otbar altaaka, clonio ninHcidar ajiaainH 
of niorlaralo violanco aann; on a fow fiooonda aflor roliirn of tbo \mhe. 
.Similar pbonomona bavo lioon da'a-ribod by Avarbin;k,’ Dluaaaz,^ Gruuie 
baraar," and olbarH, 

Wenekabaab and Wintarbarg'' doKaribad a aoinawbal diffaranl f>orl 
of aasa in v/biab a pariod of ajinaa prr:cf:/Jf;d the pariod of a«yatoia. 
Tbay aKsnnied therefore Ibat apnaa waa Jba aan.w of aHyntola, O'bay 
were able 1o abov/ aftar Cbayna-Slokas braatbinjr bad almofsl diaap- 
paarad that a volnnfary paiisa of braafbin'f indiiaad a period of 
aay.stolo, jnst as tba apfjntaiiaoim periods of apnaa bad dona earlier 
in tba illnasH, Tbay explained tba yibanomanon by smmrmnf! that Ibe 
aation of anoxemia upon tba aniomatia vanlrieiilar eantar leads to 
inbibilion, A ease similar to tbairs in Home renjieetn tvill be daKaribed 
later in tbi.s artiale (Casa 3), Sinea tba daHariplions of tba attaeka of 
asystole will) .apnaa and aonvnlsions and tba tbaorias as to Ibair rabi* 
tionsbip did Tint seam satisfaalory to ns, wa deemed it advisable to 
study Ibe pbamnnana more ^-arefully in an attamyil to explain them on 
the basis of well-known and establisbe/l jibysioloniaal faats. 

Views of tba pbysiolooy of respiration, and of tba relation between 
respiration atid eireiilation imve beaorna elaarer in tlia past few yearK, 
It lias been shown that fjtilmonary ventilation is mainly raptilatad by 
the earbon dioxide aontent of tba arterial blood, fnareasa in conean- 
fration of earbon dioxide in the blood rasidts in ineraase in aeidlty to 
wdiieb the respiratory eantar rasyiondK by iner^etHhiU' the \'entilalion- 
In this ^^•ay more earbon dioxide is {riven off Ibronpb tba hmgs, and 
the normal arterial aontent of earbon dioxide and normal aeiflity of 
the arterial bloorl is reastablisbed. f!onversely, deeraasa in tba aontent 
of earbon dioxide in the arterial bloml rasnlts in a shift in its reuetfon 
toward the alkaline side, deeraasa or even eassation of ventilation, 
retention of earbon dioxide and apyiifr reeKtablisliment of the normal 
level of acidity of the blood. The respiratory eantar hi, beeanse of 
this rneebanism, one of the most irnport.ani factor;! in mniritahutifr eon- 
slant the de^rree of acidity of arterhd blood, ITaymans ba.s found that 
ebemieal and physical stiiruilation of the carotid simiK may’ in addition 
have a profound infiuojce upon the respiratory center, 

A constant concentration of carbon dioxide in the arterial blood can 
be assured only by very aeoirate reciprocal a<ljustmef)t bfttv.'een res- 
piration and circulation, I)iBturbancc.s of the carbon dioxide level in 
arterial blood are mainly due to three factors; ebanees in rate of 
(1) ventilation, (2) circulation, and (3) production of carbon dioxide. 
Either bypeiw'entilation or decrease in volume of eircnlation alone, 
^vitbout change in the other two faetonj, v/ilJ be follov/ed by a lowermg 
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of arterial carbon dioxide, and consequentlj^ a decrease in ventilation. 
It becomes clear then bow a period of complete cessation of the cir- 
culation affects profoundly chemical equilibrium. A study of the 
nature of the disturbance seems to have been neglected by physiologi- 
cal and clinical investigators — at least I have not been able to find a 
single paper on this subject in the literature. My interest in the prob- 
lem was aroused by clinical observation of five patients with complete 
heart block and attacks of Adams-Stokes disease. These observations 
suggested that disturbances of respiration or convulsions folloAving 
temporary arrest of the circulation are due to the sudden arrival at 
the periphery of hyperventilated blood from the lungs ejected by the 
first few cardiac contractions following a period of asystole. 

CLINICAL OBSERVATIONS 

Case 1. — A man eiglitj--tliree years of age was suffering from complete heart- 
block and frequent attacks of cardiac asystole. The sequence of events observed was 
as follows : First the pulse disappeared ; some seconds later the patient said that an 
attack was coming on. Shortl}’ afterward he became suddenly unconscious and 



Pig. 1. — Case 1. Attack of standstill of the heart. The lower record is continuous 
with the upper. In the beginning total A-V dissociation is seen. After two contrac- 
tions the ventricles cease beating, while the auricles continue. At the end of the 
upper record the string moves out of the field because of movement on the part of 
the patient (not a convulsion). The string reappears in the lower record, and 
shortlv afterwards ventricular contractions start again. After the third, severe tonic 
and clonic convulsions cause continuous movement of the string. 

turned veiy pale; respiration continued, and became deep and frequent. During the 
attack there were some movements, but no convulsions. Return of the iJulse signal- 
ized the end of the attack. Some seconds later his face became very red. At the same 
time severe clonic contractions began, and lasted for about ten seconds (Fig. 1). This 
peculiar sequence of events was present in every attack that was observed. 

Case 2. — ^A man fifty-eight years of age with frequent attacks of Adams-Stokes 
syndrome was under observation during the four days preceding his death. At first, 
the same phenomena as in Case 1 were observed. After each attack of asystole, con- 
vulsions together with an intense fiush of his face appeared after an interval of 
exactly six seconds. The fourth day, after an attack of cardiac standstill of unusually 
long duration (several minutes) a remarkable change was seen. Unconsciousness, 
not convulsions, followed the attack and persisted until death. In this state many 
shorter periods of asystole occured wliich, instead of being followed by convulsions, 
were followed at exactly the same interval (six seconds after cessation) by the period 
of apnea beginning simultaneously with flushing of the face, and lasting ten seconds. 

Case 3. — ^A woman seventy-six years of age with complete heart-block and occa- 
sional Adams-Stokes attacks was given barium chloride. During the use of this 
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rnedication many Hcvcre attacks owiurred. When administration of the drug was 
stopped, tlic frerpicncy of the attacks fell otf to the former rate. After each attack 
a period of apnea was observed to occur coincident witli flushing of the face. In this 
patient we were able to study the phenomenon by siniultancous records of respiration 
and of tlie electrocardiogram (Fig. 2). 

C.\BK 4 . — X man thirty-seven years of age in good health, (rxcept for painful 
mastitis, developed during examination sudden syncope with loss of con.«cioiiKriesK, 



Fip. 2. — C.ase S. An .attack of standHtUl of the Jieart ha.stimr twenty-four secontls 
Is reprc-sented. Above, the orlg-In.al simultaneous record of respiration .and elcctro- 
cardloCT'arn in a slow-moving film Is shown. Below, the record Is schematically drawn 
(auricular contractions are omitted), Xote continuation of fast, shallow respiration 
durinfr .standstill of the heart. After return of ventricular contractions .an Immediate 
change of tj-pe of respiration (slower and deeper) occur.s, probably reflex in origin. 
Some seconds hater a jxirlod of apnc.a begin.?. 



PULSf. 



Fig. 3. — Case a. Keconstructlon of the .sequence of events during and after an at- 
tack of Adams-Stokas syndrome, on the basis of ohserv.atlon. In the scheme for the 
color of the face, black indicates cy.anosis, white the normal red color. 


waxen pallor of the face, and disappearance of the radial pulse. After a short time 
there was a sudden flush of the face, and at the s.'ime time some .sy'mmetriciil clonic 
contractions of the arms. The plienomena were identical with those ob.'^erved in the 
first patient (Case 1). Tlic reaction w.aE .somewhat less violent. .Since this time, 
similar observation-s liave been repeatedly made by different colleagues in instance.? 
of syncope following venepuncture. 
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Case 5. ■woman forty years of age entered the neurological clinic because of 
frequent attacks of unconsciousness associated ndth convulsions. During the preced- 
ing six years these had been considered to be true epilepsy. Clinical observation 
showed that tliis diagnosis was not the proper one and that the attacks were due to 
Adams-Stokes attacks. By courtesy of Professor Brouwer and Dr. Drooglever Portuyn 
I had the opportunity of observing an attack. It began with some acceleration of 
respiration, and disappearance of the radial pulse. Eespiration continued for some 
time, then became slow, shallow, and stopped altogether. At this point both circula- 
tion and respiration had ceased. The face became gradually very cyanotic. Artificial 
respiration by compression of the thorax was tried without success. Then suddenly 
the radial pulse reappeared but apnea continued. A few seconds later there was 
a sudden red flush of the face followed rapidly by a return of marked cyanosis. 
Finally, respiration began and gradually the normal color of the face returned (Fig. 



Pigr. 4. — Case 5. Electrocardiogram made on Peb. 29, 1936. Total A-V dissociation. 

Series of ventricular premature beats. 


3). An interpretation of this series of events is as follows: First, cessation of 
circulation ■with increased ventilation led to hj-perveutilation of the blood. Second, 
circulation and respiration both ceased. The hj-perventilated blood staj'cd in tlie 
lungs without marked change. There was only a small gain in carbon dioxide and 
loss in oxygen from the metabolism of lung tissue. Third, reestablishment of circula- 
tion occurred with consequent transportation of the hyperventilated blood from the 
lungs throughout the body as indicated by the transient flush of the face. The 
respiratory center could not react as it had not yet recovered from prolonged 
anoxemia. Fourth, the hj-perventilated blood from the lungs was followed by blood 
from the tissues laden n*ith carbon dioxide and poor in oxygen; the latter passed 
the lungs unchanged as respiration was still absent. Fifth, recovery of respiration 
was stimulated by circulation of blood with increased content of carbon dioxide from 
the tissues. The patient was given ephetonine without, effect and the next day was 
transferred to the medical service. An electrocardiogram (Fig. 4) was then obtained. 
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Complete heart-block was present and frequent ventricular j)reinaturc beats occurred, 
sometimes in series of three or four. A tentative diagnosis of Adams-Stokes attacks 
due to ventricular fibrillation was made. It was confirmed later by a record obtained 



during an attack (second observed attack) accompanied by absence of the peripheral 
pulse (Fig. 5). The electrocardiogram showed a succession of verv- rapid electrical 
waves. It is doubtful whether these should be regarded as -i-cntricular flutter or as 
fibrillation. The effect on the circulation was, as far as could be judged from clinical 
observation, the same as that of ventricular asystole. During the attack there was 



FORMIJNE : 


^VPNEA OR CONVULSIONS AFTER ST^VNDSTILL 


135 


continuation, of respiration and Jibsence of convulsions. Very .soon after tlie end of 
the attack, marked in the electrocardiogram by the llrst isoelectric stretch, severe 
convulsions occurred. 

That a period of apnea invariably followed an attack of cardiac 
standstill stronglj’ suggested that the sequence was not fortuitous but 
the logical and necessary outcome of existing relations between circu- 
lation and respiration. During cardiac standstill the circulation must 
practical!}’’ have ceased. The stagnant blood in the lungs was however 
continuously ventilated because respiration was uninterruiDted. This 
blood therefore undoubtedly gained oxygen, probably to complete 
saturation, and lost large amounts of carbon dioxide. At the end of 
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Fig. 6. — Case 3. An attack of standstill of the lieart lasting tventy-si.v .seconds is 
shown. It is preceded and followed by a period of apnea. Above, is the original 
record ; below, a schematic drawing. 


the period of eessatioiv of circulation the lungs were apparently filled 
with iiiteusel}^ hyperventilated blood, rich in oxygen but very poor in 
carbon dioxide. The first few cardiac contractions would then sud- 
denly distribute this blood throughout the body and what is more 
important, to the respirator}* center as well. The reaction of the center 
would, of course, be to call forth a period of apnea until blood from 
the tissues, rich in eaihon dioxide, arrived. We have seen that in the 
first patient, and also temporarily in the second, not apnea but con- 
vulsions were observed at this time. It seems probable that convul- 
sions can also result from the reaction of the cerebrum to this abnor- 
mally hyiierventilated blood. 

The objection that the phenomena described were merely reactions 
of a disease or abnormal cerebrum may be raised. The first three 
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patients wei-e obvioiisl 3 ' of advanced age and suiTei-ing, })robab]y, from 
arteriosclerotic disease of tlie heart. Their brains may. therefore, not 
have been normal. This fact may be of some importance in Case 3, 
but it is plain that at least convulsions and llnsliing of the face, the 
two most freqnenll.v associated phenomena, maj-^ be seen in quite nor- 
^nal, perhaps onlv vasolabile, individuals (Case 4). 

In addition to a period of ajmea following each attack of as.ystole, 
one was inconstantlj" observed in Case 3 i)rec(!ding the period of car- 
diac staiidstill (Fig. 0). It is evidejjt that the same explanation will 
not suit both situations. 



Fig. 7 . — rouKh sketch Is slior.-n of the .'tmintjemcnt of the mnnoiTiotcr.?. the 
rc-spiratorj' reconlc-r, and .slhinilator for the experiments upon does and cat.^. 


Another fact seems clear. The occurrciice of convulsion.s or apnea 
and flushing of the face after cessation of the circulation is obviously 
not dependent on the cause of the cessation since thej' follow both 
cardiac asA'stole and ventricular fibrillation or fluttei’. One other i)oint 
deserves comment. In Case 5 convulsions occurred not after the first 
very long attack but after the .second .shorter one. A po.ssiblc explana- 
tion is that in the first observed attack (Fig. 3) b.vperventilation was 
followed bj"- apnea while the circulation was nonexistent; during this 
time (cessation of both circulation and respiration) hj-pervcntilated 
blood may have remained in the lungs long enough for the metabolic 
processes there to produce enough carbon dioxide and probably lactic 
acid partiallj”- to counteract, by diminishing the alkalinity of the blood, 
the effect of the preceding hj'perventilation. 
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So far argument lias been built exclusively upon clinical observation 
and deduction. More convincing evidence for tbe theory that the 
observed phenomena are due to sudden distribution of the hyperven- 
tilated stagnant blood in the lungs is difficult to obtain from the study 
of patients because indmduals with this disorder are rare, and also 
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Fig-. 8. — Experiment XIIT. Dog in morphia-pernocton narcosis. Upper curve — res- 
piration. Lower curve — tension in femoral artery. A record of standstill of tlie heart 
for twenty-five seconds is shown. After contractions of the heart return, a period of 
apnea occurs. In this figiire and in Pigs. 9-15, inclusive, cardiac standstill was in- 
duced hy faradic stimulation of the peripheral end of the right vagus nerve. 
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Fig-. 9 . — Experiment XV. Dog in morphia-pernocton narcosis. A record of stand- 
still of the heart for flftj'-two seconds is shown. Apnea begins during cardiac stand- 
still. 


because other mcehaiiisms, for example, reflexes from the carotid sinus, 
may under these circumstances play a part. An attempt ivas therefore 
made to reproduce the phenomena in animals. 

In dogs, temporary cardiac a.systole can often be obtained after iso- 
lation and section of the right vagus nerve, through faradic stimulation 
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of the periplieral end (Fig, 7). Asy.slole of less than about ten or 
fifteen seconds’ duration was not followed by distuibanees of the res- 
piration but when it lasted from fifteen to thirty-five seconds a well- 
marked period of apnea regularly followed it just as in Adams-Stolces 
attacks in patients (Pig. 8). When peifods of asystole exceeded 
thirty-five to forty secojuls, apnea started {hiring them, and lasted 
some time after recovery of the circulation (Fig. 9), This type of 
apnea, nainel.v, that which began during standstill of circulation, was 
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Pigr. 10. — Experiment XXI. Doi? In morpliin-pernocton narcos!.*?. Occlu.'iion of all 
blood vessels leading to and from both carotid sinu.ses wa.s completed at arrov.'. 
.Stand.still of the lieart for twenty-nine .second.s i.s still followed by a j)eriod of apnea. 

attributed to prolonged anoxemia of the respiratory center. It was 
observed also on one occasion in a patient (Case 5). The apnea 
occurring after a.systole of moderate duration (fifteen to thirty sec- 
onds) was subjected to further analysis. 

Experiment I.* tVlien both carotid .sinuses were excluded from the circulation 
by clamping off all the branches to and from it, the period of apnea appeared in 
the same manner as before clamping (Fig. 10). This experiment was repeated in 

»This numer.atlon of experiments I.s made for convenience and doe.s not corrc.spond 
with the numbers of the actual experiments mentioned in the ngurc.s. 
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different dogs and seems to justify the conclusion that the period of apnea is not 
dependent upon carotid sinus reflexes. 

Experiment II. When the carotid and vertebral arteries on both sides M’ere 
isolated and clamped^ almost no effect was observed on respiration in the narcotized 
animals. Life was possible for a very long time and Kussmaul-Tanner convulsions 
were not seen. The collateral circulation furnished apparently adequate nourishment 
for the brain so that loss of cerebral reflexes did not occur. Heymans has slioum 
that some cerebral centers, including the respiratory center, can endure prolonged 
anoxemia and recover. A very small circulation can maintain the respiratory 
mechanism intact. 

The effect of the collateral circulation on the maintenance of arterial pressure to 
the brain was measured by recording the pressure in the peripheral end of a carotid 
artery, before and after clamping the three other principal arteries leading to the 
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Fig'. 11. — ^Experiment XXI. Dog in morphia-pernocton narcosis. Botli carotid and 
vertebral arteries were ciatnped before the experiment. During inhalation of oxygen, 
asystole for thirty seconds (interrupted by one ventricular contraction) is followed 
by apnea {11). During inhalation of a mixture of oxygen and 5 per cent carbon 
dioxide asystole for 26 seconds is not followed by apnea (12). 

brain. In dogs the pressure here is only about 20 mm. Hg before clamping the 
arteries and is extremely low afterwards. Now when cardiac contraction was in- 
hibited by faradic stimulation while the four arteries to the brain were clamped, 
apnea still occurred after the period of standstill (Eig. 11). Apnea was therefore 
not the result of a sudden rise of blood pressure in the brain or in the carotid sinus 
since the rise was, in this experiment, insignificant. 

Experiment III. The effect of inhalation of a mixture of 5 per cent carbon dioxide 
and oxygen on the appearance of apnea after vagal inliibition of the heart was 
studied, because tliis concentration of carbon dioxide prevents loss of the gas from 
the blood resting in the lungs. , Its use regularly prevented the occurrence of apnea 
while inhalation of oxygen alone failed to do so (Figs. 11, 12, and 13). 

Experiment W. Direct proof of the passage of hyperventilated blood through 
the body was obtained by talcing samples of blood from the carotid artery im- 
mediately after the period of asy.stolo. The color of this blood was redder than 
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iiorintil arterial blood; tlio carbon dioxide content wiih inucli decrcaHod. For cxarnple 
hyporvcntllution wuh mifllcicnt to reduce llio carl)on dioxide content of the arterial 
blood more tliaii 4 volumes iier cent (from 4!).04, 4(1.00 to 44.88, 44.8.'! volumes per 
cent) , 

In a few experiments mild clonic contractions were ob.“erved during' llie period 
of ajtnoa, analogous to tlie convulsions observed in itjilients with Adams-.Stokes 
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Fljr. 12. — Expptdmont XXI. llotr In niorplila-pernocton narcosis. All arteries to the 
brain are open. Jnhalalion of oxyKcn Im.s no Inllucnee on the period of apnea (/C) 
lollowlnp cardiac standsttll, while Inhalation of inlxlure of oxypen and 5 per cent 
carbon dioxide maUcs It dlsappoar (/<). 





Kip. 12. — Experiment XXIIT. Dop In niorjdihi-jiernocton narcosis. Asy.stole for 
twenly-tlirce seconds durlnp Inhalation of oxypen wa.s followed by apnc.a and rnlld 
clonic contractions (. 10 ), but asystole for the same period of time durlnp Inliahitlon 
of oxypen with 5 per cent carbon dioxide w.as followed neither by apnea nor clonic 
contractions (20). AVhen asystole lasted for fifty-one .seconds durlnp inhalation or 
oxygen with 11 per cent carbon dioxide, apnea appeared before cartllnc contraction 
commenced (21). 


syndrome (Fig. 32). Experiment IV shows that during .standstill of the heart 
hyperventilation and marked lo.s.s of carbon dioxide do occur in the blood which 
comes to rest in the lungs. Experiment III indicates that hyperventilation play.s 
an important role in bringing about the period of apnea obsen’Cd to occur after 
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recovery of the heart beat. It should be emphasized that the results were not 
uniform in Experiment HI. In most instances, however, the periods of apnea 
failed to occur during inhalation of oxygen with 5 per cent carbon dioxide. Some- 
times reflexes of tlie carotid sinus apparently played an additional role (Fig. 14). 
In the same experiment a short. period of apnea still occurred after bilateral vagot- 


Expm 





Fig-. 14. — ^Experiment XXV. Dog in morphia-pernocton narcosis. In this experi- 
ment asystole during inhalation ot oxygen, and car-hon dioxide, as -ft'eH as during 
inhalation of oxygen was followed by apnea (8). After clamping all vessels to and 
from the carotid sinus, during inhalation of oxygen, asystole was still followed by 
apnea (5) but inhalation of o.xygen and 5 per cent carbon dioxide prevented its ap- 
pearance (.10). 
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Pig 15. — Experiment XXV. Continuation of Pig. 14. During occlusion of both 
carotid sinuses and inhalation of carbon dioxide, a longer period of asystole (twenty- 
four seconds) was again followed by a small period of apnea (11). Even -when 
bilateral vagotomv was performed in combination with the above procedure, asystole 
(twenty-five seconds) was still followed by apnea (12). 


omy, elimination of both carotid sinuses and inhalation of 5 ])er cent carbon 
dioxide mixture (Fig. 15). The reason for apnea was not clear in this instance. 

Vagal stimulation for obtaining cardiac asystole had the obvious disadvantage that 
it did not resemble the cause of the Adams-Stohes attacks in man. It was possible too, 
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althougli very iinprobaljle, Uiat %’agfi? Htiiiiulatioa of. tfie Jungs influenced tlie 
phenomena studied. It seemed advisiablc, therefore, to bring about functional 
cardiac standstill in another way. Direct faradie stimulation of the heart initiates 
ventricular fibrillation which may recover sjiontaneously. The procedure is not useful 
in dogs, as .spontaneous recovery i.s very rare, Jn cuts, however, periods of ventricular 
fibrillation of fbo desired length can readily be iiulueed by short periods of faradie 
stimulation (one to two seconds). The influence of vagal stimulation tlvrinf/ cessa- 
tion of the circulation is, in this way, eliminated. 

Experiment V. It was found that ventricular fibrillation of moderate duration 
(twenty to thirty .“eeonds) was followed regularly by a period of apnea, but when 
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Fig’. IG. — Experiment XXXIX. Cat In pemocton narco.sis. Direct faraillc stimulation 
of the heart for seventy-t'vo seconds resulted In vontricnlnr fibrillation (prove'l by 
elcctrocardlogr.aphle tracings In other experiments). After spontaneous reamver}' of 
coordinated ventricular contractlon.s, .apnea occurred. 


it lasted longer (more tlian thirty-five to forty .seconds) apnea Imgan during the 
period of fibrillation ju.st as in the experiments in dogs where asystole was jiroduced 
by vagal stimulation. 

Exact analysis of the period of apnea in cats iircsented greater difliculties than it 
did in dogs, for two reasons: (1) In each animal only a small number of experi- 
ments could bo carried out, usually not more than three; (2) the duration of 
ventricular fibrillation could not be regulated. Kpontaneous recover^' had to te 
awaited. In .some experiments inlialation of o per cent carbon dioxide mixture 
shortened the period of apnea, but did not mahe it disappear, A clear statement 
of its effect on apnea in this tj-pe of experiment cannot yet be made. Often slight 
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clonic cramps were observed during the period of apnea similar to those seen in 
dogs. Before passing on to the general discussion it appears desirable to point out 
that the mechanism responsible for cessation of the circulation, i.e., ventricular 
fibrillation, in these cats was similar to that observed in Case 5. 

DISCUSSION 

In sunimariziiig the sequence of events which follow transient cessa- 
tion of the circulation, it becomes plain that no matter what the 
method used to stop the circulation, either convulsions or apnea alone 
follow (Table I). In a few of the animal experiments apnea was com- 
bined with mild convulsions. The relation between these two different 
effects requires analysis. 


Table I 


Cerebral Syjiptojis Followikg Transient Cessation of the Circulation 




apnea 

CONVULSIONS 

A. 

Adams-Stokes syndrome 




Patient 1 

0 

+ 


Patient 2 — during consciousness 

0 

+ 


during coma 

+ 

0 


Patient .3 

+ 

0 

B. 

Patient 5 — (ventricular fibrillation) 

Syncope by fright or pain in healthy individuals 

0 

"f 

C. 

Patient 4 _ 

Experimental standstill of the heart 

0 

+ 


First by faradization of the vagus nerve in dogs 

+ 

+ 


Second by direct faradic stimulation of the heart 
in cats (ventricular fibrillation) 

X 

i 

± 


1. As it has been shown that the occurrence of hyperventilated 
blood in the lungs leads necessarily to apnea after the attack, it may 
be assumed that apnea is also present during convulsions, but that it 
cannot be clearly observed because of the violent muscular movements. 

2. The occurrence of convulsions when hjqoerventilated blood reaches 
the brain is, to a large extent, dependent upon the state of the brain 
and the degree of consciousness. This is demonstrated most clearty 
in Case 2: convulsions occur after the attacks during consciousness 
but are absent during coma. The occurrence of comnilsions in “health}^” 
individuals after syncope, and their absence or mildness during nar- 
cosis in animals, is additional evidence that the state of consciousness 
is important. That mild convulsions occur occasionally during narcosis 
makes analysis difficult. Convulsions could probably be readily repro- 
duced by vagal inhibition of the heart in non-narcotized animals but 
the experiment is scarcely justified. 

It is certain that the convulsions begin at the precise moment that 
hyperventilated blood reaches the brain. The conclusion is therefore 
drawn that these convulsions are probably caused by the action of 
hyperventilated blood with its loss of carbon dioxide and the attendant 
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alkaline reaction on tlie lirain. Some support of tliis view can 1)e 
found in iltc increase of reflex irrilabilily and llic production of 
epilejitic fils known to follow hj'perventilation. Inhalation of the 
oxj’gen pins 5 per cent carbon dioxide fjas mixture should in this case 
relieve the convulsions. The administration of this mixture, duriii" 
attacks to jnitienls in whom convulsions ordinarily follow the attack 
will perhajJS settle this point. The possibility that suddfui excess of 
oxygen, reaching brain cells that have been ano.xemic, is re.Hponsiblc 
for the convulsions, enmiot be excluded. 

The importanee of loeal bypervenlilatioii of the sfaguanl blood in 
the lungs in standstill of the heart has been (lemonstrafed in the jire* 
ceding observations and exjierimenls. Now in sudden slowing of the 
cireulation, hyjierventilation of the blood mnst also occur if respiration 
does not diminish. This hyperventilated blood is tran.Hj*ortod to the 
respiratory eenter and if the level of carbon dioxide ha.s been sufli- 
eiently reduced apnea will oeenr. Attacks of Adaitis-Stnke.s syndrome 
are often jireeederl by .slowing of the rate, in the third patient the 
short periods of ajuiea wltieh jireceded attacks may conceivably he 
explained by slowing of the eiivnlation. l’ror»f for this tentative ex- 
planation cannot he offered. 

It is unlikely tlini periodic breathing of the Cheyne-Btokes type can 
be explained by this mechanism. In simultaneous records of rc.spira- 
lion and elect rocardiogrnm slowing of the rate j)rec.eding the ai)neie 
phase was not observed. Tim gradual waxing ami waning of re.spira- 
tion in Cheyne-Rtoke.s breathing is. moreover, not seen In the periods 
of apnea caused by loeal hyperveutilation, where there is an abrupt 
end and beginning of respiration. In ebronie slowing of tbe cireula- 
tion, liyperventilation in the lungs is eounterbalaneeil by many faetor-s; 
but it should lie emphasized that slowing of the circulation through 
the lungs can of itself never lead to anoxemia of the arterial blood. 

.SUM. M Any 

1. In patients with eompleto heart-block and attacks of ventricular 
asystole, or with vonlriculnr fibrillation, apnea or eonvulsions were 
observed to occur after the attack. 

2. In healthy per.sons mild convulsions wore oliserved to follow 
S 3 meope due to emotion. 

3. In narcotized animals in -which cardiac standstill was induced bj' 
vagal inhibition, or ventricular fibrillation -was caused by faradie 
stimulation of the heart, apnea was observed to oeenr after recover.v 
of the heart. 

4. Convulsions occurred onh* during consciousness. They were not 
observed in individuals in coma or in narcotized animals. 
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5 . It was shown that during cardiac standstill continuance of res- 
piration hj^perventilates the blood in the lungs which is transported, 
on recovery of the heart, throughout the body and the respiratory 
center. It was furthermore demonstrated in animal experiments that 
this mechanism is mamly responsible for the period of apnea for, when 
oxygen and 5 per cent carbon dioxide were inhaled, apnea failed to 
occur. Carotid sinus reflexes and other mechanisms ma}’, however, 
occasionalh’ play an additional role. 

6. Concisions were therefore asci-ibed to the action of hyperventi- 
lated blood upon the brain. Further analysis was not possible. 
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ELECTHOCAKDIOGRAJ^JIIC CHANGES OCCURRING WITH 
ALTERATIONS OF I’OSTURE FROM RECU.MBENT 
TO STANDINCI POSITIONS 


Louis 11. Sigler, iVLI). 

Brooklyn, N. Y. 

I N 1935, LcimdorfcF observed changes in the T-wave, from positive to 
isoelectric and to negative coincident Avith alteration of posture from 
standing to reenmhent. He attributed these electrocardiographic 
changes to latent and clinically undetectable cardiac disease. 

I have found no other references in the literature to electrocardio- 
graphic observations on alteration of body posture from recumbent to 
standing, although many such studies in other postures have been re- 
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Fig. 1. — Changc-s in the T-wave in I..ead.« II -and III on change In posture. 
No appreciable changes in tljc QR.S complexes. A, recumbent; B, standing. The- 
electrocardiogram was obtained from a normal heart. 


corded. I have therefore carried out such observations in a series of 100 
consecutive cases that came to my office. Tracings were taken in the 
three standard leads with the patient in the doi-sal recumbent posture. 
With the electrodes .still connected, the patient was then made to stand 
up and the tracings ivere repeated several minutes after adjustment to 
change in po.sture. In some cases tracings were also taken Avith the 
patient in the sitting posture, supported by a back rest at an angle of 
about ninety degi’ees, and Avith the legs in a horizontal position. In 
most cases the fourth lead Avas also employed. 

The cases Avere diA’ided into Group 1, consisting of individuals Avith 
normal heai’ts, and Group 2, consisting of those shoAving gro.ss cardiac 
disease. The electrocardiograms AA^erc analyzed by calculating the angles 
of the electrical axes of the QRS complexes and the T-Avaves, obtained 
in the Amrious postures. Prom these, the directions and therefore anj' 
rotation of the electrical axes u'ere ascertained. In eases Avhere the 
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foiirtli lead was also employed, the differences in the voltage of the vari- 
ous components of the initial and terminal ventricular complexes were 
employed to gauge any changes that might occur. 


RESULTS 

The findings bring out very interesting facts wliich may prove to be 
of value in the intei’i^retation of the electrocardiogram as an aid in 
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on cliango from the recumbent to the sitting and sitting to standing 
position. The changes in some cases were so marked as to make the 










SIGLER; EFFECT OF POSTURE ON ELECTROCARDIOGRAJI 149 

In some cases changes occurred only in the T-wave, as shown in Fig. 
1. The changes in these cases consisted of diminished Toltage, flatten- 
ing or actual conversion from a positive to a negative phase in one or 
more leads. This usually occurred in the third lead or in the third and 
second leads. In other eases there were concomitant changes in the 
QRS complexes with the T-wave changes, as shown in Fig. 2. Many 
show^ed shifting of the electrical axis of the QRS complex in various 
directions as weU as changes in the T-waves producing alterations in 
their electrical axes, as sliovm in Figs. 3, 4, and 5. The axis sliift of tlie 
initial and terminal ventricular complexes occurred either in the same 
direction or in opposite directions. If in the same direction, the amount 
of shift was not proportionate. If premature contractions were present, 
their voltage change was usuallj’- different than tliat of the normal com- 
plexes, as showm in Fig. 6. ■ 

A summary of the entire series of cases sliovnng the changes of direc- 
tion of the electrical axes among the normal and diseased hearts is given 



Pig-. 6. — Diminished left axis shift of the QRS complex and change in v^oltage 
of T--wave with alteration of posture ; also changed voltage of the ventricular 
premature conti-action and the QRS complex in Lead IV. A, recumbent ; B, 
standing. Case of hypertensive heart disease. 

in Table I. It will be noted that a greater number of cases show shift- 
ing of the electrical axis of the QRS complex to the left in diseased 
hearts than in normal ones. The total number of cases showing any 
shifting, whether to the left or right, is the same in the normal as in the 
diseased hearts. Thus the differences in the behaviour of the normal 
group as compared with the diseased group is merel}' a difference in the 
direction of the shift. In the normal heart there is a greater tendency 
of the electrical axis to shift to the right wliile in the diseased heart the 
tendency is to the left. The T-wave, on the other hand, has a greater 
tendency to have its axis shift to the left in the normal and to the right 
in the diseased heart, on change from the recumbent to the standing 
posture. There is definitely a smaller number of cases showing a shift 
in the electrical axis of the T-wave than of the QRS complex with altera- 
tion of posture, in both normal and diseased hearts. 

The degrees of the angles of the electrical axes in the three standard 
leads occurring with alteration of posture in the entire group of 100 
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cases are recorded in Table II and Fig. 7. Case numbers 1 to 33 repre- 
sent normal hearts, and 34 to 100, abnormal hearts. The fourth lead 
changes are also shown. It udll be noted that the greatest changes in 
degree of the angles oceui’ on alteration of posture from the recumbent 
to tlie standing. Alteration of posture from recumbent to sitting 
showed less change while that from sitting to standuig, the least. The 
shift of the electrical axes of the T-waves was less marked than that of 
tlie QES complexes. 



Fig. 7. — Graphic representation of the number of cases showing varying degrees 
of electrical axis deviation in the recumbent, standing, and sitting postures. 
Dotted lines repi-esent axes of the QRS complexes, one dot per case. Solid lines 
represent axes of the T-waves, calibrated on a scale of 0.5 inm. per case. 


DISCUSSION 

It has been known for many years that changes occur in the electro- 
cardiogram wuth alterations of posture from the dorsal recumbent to 
the left or right lateral recumbent and the sitting positions. Also dis- 
placement of the heart by pneumothorax, hydinthorax, massive ad- 
hesion, and other conditions are Ialo^^^^ to produce changes. Shifting 
of the electrical axis did not correspond in many eases with change in 
the anatomical axis of the heart oeeurruig with alteration of the body 
posture. Thus, i\Ieek and Wilson,^ Natiiauson,^ Treiger and Lundy,'' 
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Katz and Robino-VF® and others foimd that displacement of the heart to 
the left may in some cases be associated with rotation of tlie electrical 
axis to the right, in others to the left and in still others Mdth no rota- 
tion, The same was true of displacement to the right. In other words, 
changes in the electrical axis were not always consistent with the theory 
of the Einthoven equilateral triangle. In many eases there were merely 
changes in the voltage without axis shift. 

Experimentally, Kountz, Prinzmetal, Pearson, and Koenig'^ found 
that the degree of displacement of the heart determined the resultant 
electrical axis and if the heart was rotated rather than displaced the 
electrical axis corresponded to the direction of rotation. They believed 
that electrical axis changes were due to alterations in the relationship 
of the septum of the heart to the long axis of tlie bod.y. 

It is unlikely that the same conditions occur in clinical cases. It is 
possible that in individuals with hearts of imequal size alterations in the 
body posture may result in unequal displacement of the heart. Given 
a group of similar cases, as in our series such a condition is not likely 
to occur. Furthermore it is not conceivable that alterations of body 
postui’e from sitting to standing would change the anatomical axis of 
the heart to a sufficient degree to affect the electrical vectors. The ex- 
planation of such changes cannot therefore be made on tlie basis of 
change of the position of the heart. 

An explanation of these changes is to be had perhaps in the work of 
Katz and his coworkers. Katz and Korey" insulated various areas of 
the heart in dogs and found that the lungs and large systemic vessels 
were poor conductors of the electric current elaborated in the heart 
while the solid structures in contact with the heart were good conductors. 
They felt that changes in the electrocardiogram with alterations of pos- 
ture were due largely to reorientation of various parts of the heart with 
good and poor conductors wliich alter the current coming from the 
heart. In other words they believed that not all portions of the heart 
share equally in giving rise to an electric vector, and that the changes 
in the electric field with alterations of posture are not due to reorienta- 
tion in the three dimensions of the resultant vector. It is the contact of 
various parts of the heart with different adjacent conducting media 
that determines the resultant electrocardiogram. Electrical axis” or 
“shift in the electrical axis” are misnomers, according to their concep- 
tion. They considered the area of cardiac dullness, the diaphragm and 
the lower part of the posterior muscle mass of the vertebral column to 
be good conductors. Later, Katz and his associates® further demon- 
strated the importance of the electrical properties of the tissues adjacent 
to the heart in determining the type of electrical curi’ent set up in 
the heart. 

These experimental obseiwations would explain not only the changes 
in the electrocardiogram with alterations of posture from reclining to 
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standing but also the changes observed on alteration of posture from 
the upright sitting to standing, in which eases the electrical vectors, ac- 
cording to the Einthoven triangle, should be the same. Slight displace- 
ment of the abdominal contents and changes in the position of the body 
structures in the two postures would conceivably alter the conducting 
media adjacent to the heart and therefore the resultant electrocardio- 
gram. 

The changes in the appearance of the T-wave independent of the 
QRS complex are due to differences in the inode of .spread and retreat 
of the current. According to Lewis® the spread of excitation is rapid 
and is controlled mainly by the Pui-kinje .system, wliile tlie period of 
activation, comprising the full excitatory state and recover}', is much 
longer and concerns the mass of ventricular muscle. Changes in the 
relationship of the various portions of the ventricular muscle "with the 
adjacent conducting .stiaietures may conceivably result in changed 
registration of the electromotive force, incident to activation and re- 
treat in the localized portions of the muscle. 

Prom the observations and considerations pi’csented in this paper it 
is readily seen that changes in the appearance of the T-wavc with 
alteration of po.sture from .standing to recumbent do not indicate latent 
or inactive cardiac disease as claimed by Leimdorfer.^ On the contrary, 
in the interpretation of any electrocardiogram it is veiy important to 
know the position in which it was obtained befoj’c any significance may 
be attached to its complexes, especially to the T-waves. This is particu- 
larly time "when two electrocardiograms of the same patient are com- 
pared to ascertain if any changes have occurred in the heart muscle. 
Unle.s.s we are sure that the ti'acings w'cre obtained in identically similar 
postures, an}' changes observed may be considered due to change in 
posture rather than to changes in the myocardial state. 

Although the number of cases in this series is not great enough from 
which to draw conclusions, it appears that in the normal heart there is 
a greater tendency to a .shift of the electrical axis of the QRS complex 
to the right and of the T-wave to the left on change in posture from 
the recumbent to the .standing. In abnormal hearts, the .shifts are in 
the opposite directions. This might prove to be of help in differentiat- 
ing the normal from the abnormal heart. It does not indicate, however, 
disease of the heart muscle, but most likel}^ disproportion in the sizc-s 
of the right and left ventricles in the two types of hearts, with the 
re.sultant differences in the reorientation of the two chambers to their 
environment caused by alteration of po.sture. 

SUMJIARY AND CONCLUSIONS 

Electrocardiographic studies w'ere carried out on 100 cases on altera- 
tion of posture from the dorsal recumbent to standing and sitting posh 
tions. The three conventional leads and the fourth lead were used. 
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Definite changes in the appearance of the QBS and the T-%vaves were ob- 
served in nianj^ cases on these alterations of posture. The changes in 
the T-wave usually occurred independently or were different than those 
expected from the preceding QES complexes. In some cases the changes 
were so marked as to make the electrocardiogram appear abnormal and 
to lose its identity with those taken in the other postures. The changes 
occurred as frequently in normal as in diseased hearts. In normal 
hearts there was a greater tendency for the electrical axis of the QBS 
complex to shift to the right and of tlie T-wave to the left, while in the 
diseased heart the tendency Avas of shifting to the left for the QBS and 
to the right for the T-ivave. This fact might proi'e to be of lielp in 
differentiating the normal from the diseased heart. It does not indi- 
cate, however, disease of the heart muscle but probably a disproportion 
in the sizes of the left and right ventricles in the two types of hearts 
Avitli the resultant differences in reorientation of the two chambers to 
their elianged environment caused by alteration of posture from recum- 
benc3'' to standing. 

In most cases the changes did not conform to the theory of the 
Einthoven equilateral triangle for the shift in the electrical axis was not 
alAA’^aj's as predicted from the supposed shift of tlie anatomical axis. 
The phenomenon maj’- be explained on the tlieoiy tliat there occurs a 
change in contact of the adjacent conducting media Avith different 
portions of the heart on alteration of bod}’’ posture, producing A^ariation 
in conduction. 

The observations demonstrate the importance of ImoAving the posture 
in AAdiich a tracing AA-^as taken before any pathological significance i.s 
applied to it. They also may prove to be of Amlue in determining the 
relatrte sizes of the chambers of the heart. 
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THE USE OF SODIUT^I NITEITE FOE TESTING THE 
FLEXIBILITY OF THE PEEIPHEEAL 
VASCULAE BED"' 

WlLLIAJI C. BkCK, M.D., AND Gkza de Takats, M.D. 

Chicago, III. 

I N THE study of the different types and stages of periplieral vascular 
disease, an important problem arises from the standpoint of prognosis 
and therapy namety : how much of the terminal vascular bed is closed 
by spasm or by organic disease? The production of fever with tjqihoid 
vaccine, the raising of body temperature b}' heat or by preventing heat 
loss, the application of direct heat to the affected limb, and the release 
of vasomotor control by peripheral nerve block or by spinal anesthesia 
have been extensivelj’- used to determine the patency of the terminal 
vascular bed. Their use has in the main been to select eases suitable for 
sympathectomy; and the rise in .skin temperatures obtained was inter- 
preted as a release of local, central, or refleetorie vascular spasm. 

It seems more logical, however, as was first suggested by Shaw^ to re- 
gard these tests as indicators of the reserve capacity of the vascular bed. 
It is true that this eapaeity may he diminished by vasospastic phenomena 
of Eaynaud’s or Buerger’s disease, but frequently parts of the terminal 
vascular bed are obliterated b}’' organic processes and the vasodilatation 
following any of these procedures simply indicates the residual reserve, 
one which is not called into play in the resting stage but functions 
during actmty. The estimation of this collateral reserve thus becomes 
an important diagnostic and prognostic measure, not only in regard to 
the feasibilit3^ of a .sympathectomy but as an aid in determining whether 
conservative devices, such as suction and pres.sure^ or intermittent 
venous hy^peremia,’ offer any reasonable possibility' for improvement. 


THE TE.ST 

An o.scillometric curve i.s determined at the ankle or the wrist. A Pachon o.scillom- 
eter is sufBcient for the purpo.se but for an easier demon.stration of the test we are 
.showing records obtained with a self-registering device. In tliese determinations 
a single cuff was used. Tlie patient lies in a horizontal po.sition with the extremity 
exposed to its root. The room temperature is preferably between 70° and 80° F-, 
although the action of sodium nitrite on tlie peripheral ves.sels is independent of 
environmental temperature. One cubic centimeter of a 4 per cent solution of sodium 
nitrite (0.04 gm.) is given intravenously at a slow rate of speed. Tlie solution must 
be either prepared immediately before use or put up in dark ampules filled close 
to the top in order to pirevent oxidation of the solution, which rapidly taires place 

•From the Neurocirculatorj- Clinic, Department of Surgerj", University of Illinois. 
College of sretUcIne. Aided by a grant for graduate research of the UnlverBity oi 
Illinois. 
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in the presence of oxygen.^' The maximal vasodilatation occurs between ten and 
fifteen minutes after the injectionj although tlie effect lasts at least for one hour 
(Fig. 1). After a great many tests, wc take the second reading ten minutes after 
the injection and compare the two oscillometric curves. The patient may then get 
up and leave. 

With tMs dosage we have not observed untoward sjTnptoms in a single instance, 
altliough more tlian 100 patients have been subjected to this test. 

THE SEECHANISM OF ACTION 

Sodium nitrite has been used for many years for the reduction of blood pressure, 
accomplished by changes in peripheral circulation. A searcliing inquiry as to the 
exact localization of vascular relaxation has been made recently by Soma Weiss 
and his coworkers.**! s, g The}’’ have come to the conclusion that the drug acts by 
decreasing the tone of the venocapillary bed, thereby producing a pooling of blood 
on the venous side of the circulation, which can be accentuated b}' assuming upright 
posture. These authors also state that the arterioles are not dilated, in fact, there 
occurs an arteriolar constriction as a response to the falling blood pressure. Blood 
flow is thus decreased, but the capacity of the vascular bed to hold blood must be 
larger. The arterioles maintain their tone and are susceptible to reflex vasomotor 
responses . during the action of sodium nitrite. 

As will be shovTi in some of our graphs, the marked increase in oscillometric 
curves may be present with practically no change in systolic and diastolic blood 
pressure, which can only be explained by a persistent tonus of the arterioles. It 
must be remembered though that our dose is much smaller and yet the action of the 
drug is more rapid because of the intravenous administration. Weiss and his asso- 
ciates used three to four times as much sodium nitrite orally. The circulatory 
collapse induced by them w’ould call for an arteriolar constriction. Wliat we seem 
to measure then, with our larger spikes and -with the shift of our oscillometric curves 
to the right, is an increased filling of the venocapillary bed and a decrease in 
resistance in that area. As this filling is dependent on the patency of the small 
arteries and arterioles, we feel that the rapidity with which the venous pool forms 
still remains an index of arterial flow, provided the dose is so selected that a marked 
fall in blood pressure does not occur. Wlien that occurs, the secondary arteriolar 
constriction w’ill so cut down blood flow that the individual pulse volumes diminish 
and the test does not inform us as to the reserve capacity of the vascular bed. It is 
for this reason that the selection of the small dose of 0.04 gm. (% of a grain) is 
important. That arteriolar dilatation can be induced by nitrites is shown by the 
initial , flusliing of the head and face, wliich occurs after the inhalation of amyl 
nitrite, t It seems to us then, that for a proper evaluation of the capacity of the 
peripheral vascular bed, such measures must be selected which avoid a fall in blood 
pressure. Even so, the element of reflex vasoconstriction to maintain this blood 
pressure Avill have to be considered. 

OBSERVATIONS 

"We have introduced this test in our neurocirculatoiy clinic as a routine 
measure and have taken several hundi-ed readings. We vush only to 

*We gratefully acknowledge the help of Dr. Wm. C. VFelker, Professor of Physio- 
logical Chemistry of the University of Illinois, in the preparation of a stable solution, 
which does not contain nitrates after a few weeks in the ampules. To obtain uniform 
results, however, it is better to diss'olve the powder in a few cubic centimeters of 
normal salt solution and boil it in a spoon just before use. 

tThe temperature of cutaneous flares, produced by intradermal injections of his- 
tamine, can be raised by the intravenous administration of sodium nitrite. It is 
difficult to explain this finding without assuming that arteriolar dilatation has taken 
place. 
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show a few grap])S to jlliislrate tlie value of the (iruf,' and lo coiiijtare 
it witii otlior known methods cmjiJoyed lo jiroduee vasodilatation. 

Figure 1 illustrates the effeet of the drug in a noj-nial, young in- 
dividual. It will be noted that the effect is at ita peak at ten and fifteen 



Flpr. 1. — OfclUotnotrIc rronnis In a youna IinUvWucil with normal clri'ulalioti. Th'' 
incasurcnifinOi In UiIh and Uio followlrif: Kranlia won; inado v,lUi a ninpio cuff at tlic 
ankle. FolIowItiK ;i roadirn,' obtained at z<‘ro, 1 o.c. of a -I c-r ooiit .'lolotlon of fre-.'sbiy 
prepared podium nitrite .‘.•olutlon v.’:ui Injected. Note tlie irre.-itly enlarpod p«I?e 
volumes. The shift of these spikes torvaril the rhrhl half of the eharl Jndhv.vtes a 
lowering of peripheral rc.shiianco. H is tno.«'t marked t,i ilfteen minutes, v.'herc 
aplkes heUveen tfd and TO tollllineters of nienuti-y are tin: larpert. The effeet In ftil! 
present at the end of one hour. 



Fig. 2. — A fifty-slx-year-olil male avl*'- crlDsclcrosls of both lov-cr 

extremities. Osclllometrlc cuia'cs before ■ • after sodium nitrite was 

Riven. There is a .sliRht .shift of the ■ ■ ■. ! ■ right. Curiously enough, 

the loft side, which .showed less o.scillat ■ . C ut, gave a better response 

to the drug. 


minutes, but that it is still jiresent at the end of one lioui-. In this it 
differs from amyl nitrite, wliieli acts very abruptly and produces a 
sudden fall in blood pre.ssurc, the maximum fall being caught usually 
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between thirty and forty-five seconds after inhalation. Although we 
used amyl nitrite in a few of oiir hj^pertensive patients to demonstrate 
the flexibility of the diastolic level, we have now abandoned its use be- 
cause of the disagreeable and perhaps not entirely harmless symptoms. 

In obliterating arteriosclerosis the flat or absent oscillometric curve 
is hardly influenced by the intravenous administration of sodium nitrite 
(Fig. 2). The same is true in thromboangiitis obliterans with extensive 



Fig. 3. — ^Two patients suffering' from Buerger's disease. In the case of Sn., the 
left lower extremity shows much smaller vascular capacity than the right. In the 
case of Klc., the right, lower extremity did not respond at all. Both patients showed 
a far greater clinical improvement after sympathectomy on the side which responded 
better to sodium nitrite. 



Pig. 4. — A twenty-three-year-old student, showing a marked difference in response 
to sodium nitrite. Clinical diagnosis was Buerger's disease, "with irnpalpable pedal 
arteries of both feet. Following sodium nitrite both vessels of the right foot becarne 
palpable. The vasospasm in the right foot is here clearly demonstrated. The left 
lower extremity is in a more advanced stage of the disease. 

organic damage in tlie absence of superimposed spasm. In the earlier 
eases of Buerger’s disease, however, the response may be marked (Fig. 
3). Wlien both lower extremities, or all four extremities are involved, 
the test may give etddence of different grades of involvement (Fig. 4). 
We have come to rely with increasing assurance on this test in regard to 
the benefit to be derived from a sjunpathectomy. The extremity ivith a 






162 


THE AMERICAN HEART JOURNAIj 


poor response to sodium nitrite will not react as favoralily as the one 
with a good response. This does not mean that the lack of good response 
contraindicates sympathectomy. The benefits of this operation in 
Buerger’s disease have been discussed by one of us elsewhere/ but the 



test gives a good indication as to what may be expected. In Eaynaud’s 
disease, the presence or absence of structural damage can be demon- 
strated bj’’ this test. Thus in Fig. 5 it was po.ssible to release a vaso- 
spastic attack by nitrite and show that the opening of the minute vessels 
is readily accomplished in this case. 
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Sympatliectomized or eoiiipletoly deiiervatcd oxtroiiiitios sliow normal 
I’GsponsG to tills tost (Fig. 6). Following Gxposuro to licat, sodium 
nitrite gives evidence of a fimtlier increase in capacity (Fig. 7). Com- 
pared wltli papaverine, sodium nitrite acts miicli more rapidly, although 
the action of papaverine is more prolonged. At ten muiutes the action of 
sodium nitrite compares favorably with the action of papaverine at 
thirtyminutes (Fig. 8). 



Fig’. 7. — T]ie response of a preheated extremity to sodium nitrite. After forty 
minutes of direct heat at 110° in a thermostatically controlled ci-adle, vasodilatation 
is still possible "ndtli the use of sodium nitrite. 



DISCUSSION 

With a simple and, as far as our experience goes, quite harmless test, 
it is possible to obtain a graphic picture of the capacity of the peripheral 
vascular bed. This capacity will naturally depend on the age of the 
patient, on emlronmental temperature, metabolic requirements, and 
amount of spasm, but chiefly on organic vascular damage involving the 
terminal vascular bed. Thus we believe that it has prognostic value, as 
the chances of reopening the terminal bed are notoriously poor, and it is 
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in this group, as Herrmann and Reid have pointed out, that suction 
and pressure treatments are least effective.^ 

The graphs indicate that pcriplieral vasodilatation may be readily 
induced wth a small amount of sodium nitrite without producing a 
significant fall in blood pressure. Whether the drug acts primarily on 
the veno-capillary bed or, as we believe, produces a diffuse relaxation 
of the terminal bed with secondary arteriolar constriction in order to 
maintain blood pressure does not affect the usefulness of this method. 
Obviously if the dose is so selected that larger drops of blood pressure are 
avoided, the diminution of blood flow, as a consequence of refleetoric 
arteriolar constriction, will not be a disturljing factor. The dose is so 
selected that even patients with marked hypertension will not experience 
a significant fall in blood pre.ssurc. 

SUMMARY 

For a te.st of the capacity of the terminal vascular bed, a simple 
ambulatoiy test is described. It consists of a preliminary determination 
of an oseillometrie curve, followed by the intravenous administration 
of 0.04 gm. (% grain) of freshly di.ssolvcd sodium nitrite solution. From 
ten to fifteen minutes later a second oseillometrie curve is determined. 
The comparison of the two curves as to the height of oscillations and the 
shift of the spikes toward lower levels of pressure give a graphic illustra- 
tion of peripheral vascular capacity. 
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THE ELECTEOGEAM OF CAEDIAC iHISCLE: AN ANALYSIS 
WHICH EXPLAINS THE EEGEESSION OE T DEFLECTION 

A. Garrard ]\Iacleod, ]\I.D. 

New York, N. Y. 

I 

VEE since the discoverj^ that an electrical response is associated 
-Lu with the activity of certain tissues, physiologists have been inter- 
ested in ascertaining the origin and nature of these currents. AYliile 
these two subjects are eloselj'’ associated, they are not identical. In the 
former belongs the effort to discover the piiysicochemieal reactions in 
tissue that produce the electrical energj', in the latter, the endeavor to 
ascertain the character of the currents produced, their distribution and 
association with the other manifestations of activity. To the general 
physiologist the origin of the electrical response has been the subject 
of greater interest while tlie nature of the currents has been investigated 
only as a means to this end. But now that electrocardiography has 
come to play an important role in clinical medieme, a clear description 
of the electrical events which take place in a single cardiac muscle fiber 
as a result of activation is a matter of practical importance apart from 
any light it may throw upon the origin of these currents. Since this 
investigation sheds no direct light on the origin of action currents the 
history of that subject wiU not be discussed. Meanwhile it is desirable 
to consider briefly the state of knowledge of their nature — at least so 
far as heart muscle is concerned. 

The experiments upon which this Imowledge is based fall into two 
categories, those performed in moist air and those in which the tissue is 
in situ or is immersed in a vessel containing physiological salt solution 
which serves as an extensive conducting medium. However the experi- 
ments were performed, provided only tiiat the muscle was uninjured, 
tlie response obtained consisted of two parts, a rapid primary deflec- 
tion and a slower secondary or T deflection. 

In the first group of experiments it was invariably found that when 
one electrode connected with a galvanometer was on active and the other 
on resting muscle, the active muscle was negative with respect to the 
resting. Consequently, the first theory to gain general credence was 
the so-called negativity hypothesis or theoiy of distributed potential 
differences. According to this theory active muscle becomes negatively 
charged (Fig. lA). Wliile anyone familiar with electrical phenomena 

From the Hospital of the Rockefeller Institute for Medical Research, New York. 

A preliminary report of this work was read before the Arpericap Society for -Clinical 
Investigation in May, 1935, 
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from tile physical point of vIcav would have found many reasons for 
considei'ing the theory untenable, it explained fairly satisfactorily the 
early ex]3criments jicrformed on simple muscle strips suspended in 
moist air. 

It was not until Lewis’ began his investigations of the electrocardio- 
gram that this theory was seriously questioned. Aftci' making a crit- 
ical siudy of the spread of the im]nilse over the heart with the organ 
in situ he discovered that he could not explain his observations on the 
assumption that all active muscle was negative relative to resting, for 
he found that the sign of the galvanometric deflection depended only 
upon the direction in which the impulse Avas at the moment spreading 
and not on the location of the mass of active muscle as a Avhole Avith 
respect to the ma.ss of resting mu.sele. lie jnit forward an Inqiothc.sis, 
therefore, Avhieh he called the theory of limited potential differences. 
The vicAv aa-rs that only the muscle Avhieh had ,iu,st become active Ava.s 
relatiA'ely uegatiA'c and that only the inactive muscle immediately ad- 
jacent Avas relatiA’ely positive (Fig. ]//). This idea adequately explained 
all his experimental obsei’A’ations. LcavIs did not ])ush the idea beyond 
his immediate needs, hoAveA’cr, and did not imake use of it in his explana- 
tion of the secondaiy or T deflection. It is umvise to conclude Avhat an 
author’s a-Icav Avould have l)een about a situation Avhieh he did not dis- 
cu.ss unle.ss .such a vieAv foIloAvs unequiA-ocally fi-om definite .statements 
in his published Avork. No effort is made, therefore, to cany LcaaIs’s 
theory further than In? himself carried it. Foi' a time there seems to 
have been little interest in the subject. But in 1927 , Craib,* AA'orking 
Avith cold-blooded and mammalian hearts immersed in large baths of 
physiological salhic solution, made an accurate .study of the electrical 
field surrounding aetiA’e heart muscle, and demonstrated, though not for 
the first time, the necessity of applying the hiAA-s Avhich gOA’crn the dis- 
tribution of potential in A'olurne conductors® to this problem. Because 
he found AA'hile malring the.se studies that he could as.sume the source of 
potential difference during systole to be a doublctf he propo.sed a 
doublet theox’y for the nature of the electrical manife-station of mus- 
cular activity. According to this theory, at the moment of activation, 

♦Bj- a, volume conductor is meant an extensive trJdimension-'il conductingr medium. 
A jar of pliysiological saline- .solution, or the body of a patient or an .animal is a 
conductor of tlii.s port. Certain of the c.arjy Investig.ators, notably AA'ailer .ano 
Einthoven, under.stood that it Vi-as necessary to apply the lav.'.s v.-hich govern tne 
distribution of potential in volume conduclor.s when dealing v.-ith the heart in rttu, 
and whatever simplifyim? as.sumptions they made they were careful to jtrttiry- 
Latcr investigators for the most part, iiowever. did not refiiize the ncccssitj' oi 
the application of these iaws. The report of A\’iI.=on. AVi.sbart, and 
192C was prob.ably the first in more recent yc.ars to call attention to the fact tnai 
the body mu.st be regarded .as a volume conductor. 

tA doublet is a positive and negative pole of equal .strength located very 
together, strictly spe.aJUng infinitely close together, i.e., a potential difference y.un 
magnitude and direction located at a, point. The conception is a mathemat),^' 
fiction devised to facilitate the application of mathematies to the solution oi 
electrical problem.s. A potential difference which extends over a very' -small 
behaves, of counse, under certa.in circaim.stanc&s, like a doublet; any 
ference can be represented by a combination of doublets. _ Craib may not na. - 
appreciated the fictitious character of doublets and the equivalence a tram 
doublets to a potential difference extending over a .space. 
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■doublets develop in the tissue and endure there for a brief period. 
Latet, as activity subsides, doublets of opposite sign appear and last a 
somewhat longer time (Fig. 1C). Results of experiments on muscle 
strips could be accurately jiredicted from this theorj'" whereas predictions 
on the basis of the old negativity hypothesis could not be verified. 

Finally, Wilson, Macleod, and Barker^’ ^ made an extensive studj'' of 
the laws which govern the distribution of potential in volume conductors 
and their application to the problems of electrophysiologj^. They 
treated the subject more generally than Craib had done and reduced 
their analyses to mathematical form. In this way they were able to 
plot curves that should be obtained if the conditions assumed prevailed 
and to compare these with electrograms obtained by experiment. There 
was very close agreement between their theoretical and their actual 
curve. Their conclusion was, “whatever may be the origin of the elec- 
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P1& 1. — dia^ammatic representation is given of tiie various theories of tlie 
nature of the electrical manifestations of activity in cardiac muscle. In each case 
activity is spreading from left to right. The active region is shaded. 

A. The negativity hypothesis. The entire mass of active muscle is I’epresented 
as being negatively charged. The inactive muscle is neutral. 

, B. The tlieory of limited potential differences (Le-nds). A small region where 
the muscle has just become active is negative and the immediately adjacent resting 
muscle is positive. 

C. The doublet theorj' (Craib). As muscle becomes active it becomes the seat 
of doublets whose positive element is toward the resting muscle. When muscle 
regresses from tlie active state, it gives rise to doublets of opposite polarity. 

T>. Bipolar theorj’- (Wilson, Macleod, Barker). Aliead of the advancing boundary 
between resting and active muscle is a positive pole and behind it a negative pole. 
Across the retreating boundary is a potential difference of reversed polarity but 
in this case the poles are farther apart. 


trie currents associated witli the excitation wave, these currents are 
similar to those which would be produced if the crest of the excitation 
wave were immediately preceded by a source (positive pole) and fol- 
lowed by a sink (negative pole).” Thej’- suggested also that the sec- 
ondary or T process is caused by a sink followed by a source, but that 
in this case the poles are farther apart (Fig. IB). 

The first (negativity) theory in the light of present knowledge is un- 
tenable. Tiie difaculties vdth it have been pointed out by Craib® and 






168 


THE AJIERICAN HEARl’ JOURNAL 


by Wilson, Macleod, and Barker® and need not be dealt witli at length, 
exeept to point out the nature ol the fallacy involved. If a strip of 
muscle AB (Fig. 2) surrounded by moist air is stimulated at A, its 
active (shaded) portion is negative with respect to its resting portion. 
In other word.s, so long as the boundai-y between active and re.sting mu-s- 
cle (X) is between B and 0, aii electrode at B is negative with respect 
to one at C. The inference drawn %vas tbai this rc.sult signified that 
active muscle was negative!}'' charged because inactive muscle was neu- 
tral (Fig. lA ). This, however, is only one of two possible e.vpianations. 
An equally .satisfactoj-y and more probable one is that a potential dif- 
ference exists at the boundary X between active and resting muscle 
(Fig. 1Z> as contrasted with Fig. lA). Lbider the circumstances just 
desci’ibed, with the muscle su.spcnded in moi.st air, if a potential differ- 
ence existed at X, tlic strip BX would act as an extension of the elec- 
trode B and, tlierefore, seem to be negative, and XC as an e.xtension of 
C, and seem positive. In tlie ca.se of a linear conductor, which a mns- 



ele strip su.S2)ended in air closely approximates, it is impossible to dif- 
ferentiate between tlie two explanations. If the muscle strip were im- 
mersed in a .suJficiently large bath of saline solution, however, it could 
be ascertained which explanation is correct, that i.s, whether the entire 
mass of active muscle behaves as an e.xtcnsive negative pole and the 
entire mass of resting muscle as an e.xtcnsive positive pole, or whether 
there seems to be a localized positive and negative pole close together 
in the region of transition X. The propounders of the last three the- 
ories (Fig. 1, B, C, B) have done such experiments and have found the 
second situation to represent the facts. The three are not dissimilar. 
Each may in a sense be regarded as an extension and clarification of 
the pi’ceeding. 

Levds explained that his theory of limited potential difference was 
vague. Nevertheless he demonstrated that the excitation wave is pre- 
ceded bj^ a positive and followed by a negative region, and that both 
are of small extent. His failure to offer an explanation of the sec- 
ondary or T deflection in terms of his theory w'as its greatest omission. 
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. Craib’s doublet theory explained consistently both QRS and T, but 
was purely qualitative and predicted little more than the sign of the 
deflections. In the case of the secondary (T) deflection his predictions 
were furthermore not well borne out by the experimental curves. 

Wilson, Macleod, and Barker were more precise in their concepts, 
and their deductions were expressed in mathematical form so that they 
were able to predict the shape of the primary deflection with consider- 
able nicety and to demonstrate the signiflcance of the various inflections 
of the curve. This made it possible to ascertain from the recorded curve 
a fairly precise description of the electrical process which produced it. 
They did not attempt to predict the form of the T-wave in direct leads 
but were able to show by an indirect method that it bore a quantitative 
relationship to the QRS deflection and was produced by electrical forces 
of opposite sign.'*’ ® In a different way each theoiy has demonstrated that 
as the excitation wave spreads, it is accompanied by a positive and a 
negative region each of lunited dimensions. The way in which each has 
pictured the behavior of the electric forces is different, but the differ- 
ences are superficial, and all are in agreement as to the fundamental 
nature of the process. Both Craib, and Wilson, Macleod, and Barker 
have indicated that the secondary or T deflection is probably produced 
by forces of opposite sign to those that cause the QRS, and that it has 
to do with the recovery from the active states. But the nature of this 
process is stiU far from clear. The object of this research is to describe 
intimately the concepts of activity in general and the electric phenomena 
which accompany it, to relate the one to the other and thereby to explain 
more satisfactorily the nature of the secondary (T) deflection.* 

II 

This investigation deals primarily with an exiilanation of the sec- 
ondary or T deflection. But smce it makes use of a new method of 
analysis, it seems best for the sake of clarity, to deal briefly with the 
electrical process as a whole. 

The ideal experunent for a study of this kind is one in which the 
physical circumstances are sufficiently well understood and sufficient!}’- 
simple so that potential changes occurring in a given segment of active 
tissue can be easily and unequivocally inferred from the record obtained. 
As has been mentioned, certain information can be gained from experi- 
ments in which appropriate tissue is immersed in an extensive conductor 

*The work of Eyster, Maresh, and Krasno (Am. J. Physiol. 110: 422, 1934) and 
Krasno, Eyster, and Maaske (Ibid. 114; 119, 1935) has not been discussed in this 
paper because their work deals with the potential cnangres in the heart as a whole as 
judged by indirect leads rather than the electrical events occurring in a single fiber. 
These authors have made use of a doublet concept but the doublets which they assume 
are the resultants of all the potential differences existing anywhere in the heart at 
a given moment. Theirs clearly is a different concept from the one used here where 
doublets are used to explain the potential differences existing in single music fibers. 
For these reasons the work of the authors mentioned requires no detailed analysis 
and comparison with the discussion in this paper. This excellent work will be re- 
viewed in a more appropriate connection. 
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(a saline bath) that is not forthcoming from experiments performed 
witli preparations suspended in air. Tliere is a distinct disadvantage/ 
furthermore, in placing both electrodes on the tissue being studied, since 
it is then impossible to toll whether a given deflection is produced by a 
positive effect at one electrode or a negative effect at the other. As 
Wilson, Maeleod, and Barker'^ showed, this difficulty can be avoided by 
placing one electrode, the exploring electrode, on the tissue under ob- 
servation, and the other, the indifferent electi’ode, in the conducting' 
medium at a sufficient distance from the first so that potential differ- 
ences arising in the active tissue will produce undetectable, because so 
small, changes in potential in it. The record then describes the potential 
changes occurring at the point in the active tissue upon which the ex- 
ploring electrode has been placed. It is, in addition, ncccsnary to know 
the configuration of the muscle and tlie way in which the active process 
passes over it. "VWiile a long narrow strij) of ti.ssue in which impulse.? 
.spread from one end to the other would be ideal, it is not practicable to 
cut .such a strip from the heart since it is especially nece.ssary to avoid 
the complication of electrical effects attJ’ibutable to injurjL 

In the auricle of the Louisiana bullfi’og, liana caieslmna, the impulse 
spreads in such a way that the conditions on its anterior suiface ap- 
proximate those in a simple .strip of muscle. The impulse arises in the 
sinus venosus (Fig. 3 A, »S'F) and spreads in the auricle from A toward 13, 
If this anterior portion of the auricle were flattened out its shape would 
resemble Fig. 3B. At a given moment the division between active and 
re.sting muscle might occupy the po.sition of the dotted line. The point 
X indicates the position of the e.xploring electrode. This aiTangemcnt 
approximates the situation which Wilson, Macleod, and Barker desig- 
nate as “parallel excitation”^ (Fig. 3C). They have shown that the 
electrogram under these eirciim.stances differs only quantitatively from 
one produced in a narrow strip. 

The impulse arising in SV .spreads to the ventricle also over the poste- 
rior auricular "wall on the dorsal aspect of the heart. The potentials 
produced in this bit of muscle are small and sufficient^' distant from the 
exploring electrode so that their effect is negligible. 

In performing an expeidment the animal wms first pithed to prevent 
muscular tAvitehing. The chest and pericardium were then opened and 
in some experiments heart-block was produced by pulling tight a liga- 
ture laid around the A-V groove. Since it was nece.ssary to approxi- 
mate the conditions of an extensive uniform conductor, good contact 
wfith all the surrounding tissues was maintained by filling the bod} 
cavity wdth saline solution when necessar}'. At the site where the e.v- 
ploring electrode was to be placed a small patch of the cpicardium was 
disseeted off wdthout injuring the underlying muscle. A small exuda- 
tion of fibrin then caused the electrode, which consisted of a piece o 
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thread protruding from the end of a silver tube, to adhere to the mus- 
cle v^ithout slipping during contraction. The indiiferent electrode, a 
strip of silver, was placed beneath the skin of the hind leg. 

Since the resistance of the exploring electrode Avas of necessity high, 
a single stage direct current amplifier was used in conjunction with the 
string galvanometer. The maximum gain of this amplifier was approxi- 
mately 10. It had, however, to be stable and more than usually quiet” 
because of. the extreme sensitivity of tlie recording instrument. The 
sensitivities actually employed were deflections of 1 to 2 cm. per miUi- 
A-olt. Figure 3A is a diagram of the arrangement in a typical experi- 
ment. 

'When the exploring electrode was placed midAvay betAveen A and B 
(Fig. 3 A) the curve obtained Avas like the recorded curve of Pig. IOC. 
It may be considered to consist of tAvo parts, a primary deflection which 
is rapid and diphasic (positiA^e-negatiA’-e) and a secondary deflection 



Fig. 3. — A. A scliematic arrangement is shown of the method of obtaining 
electrograms from the uninjured auricle of 'the frog. 

SV sinus venosus. 

A = junction of anterior wall of auricle with sinus venosus. 

JS = junction of anterior wall of auricle with ventricle. 

B. This illustrates the approximate shape of the anterior wall of the auricle. 
The dotted line represents the posiiion of junction between active and resting 
muscle at a given moment. 

AT is the position of electrode. 

C. A uniform sheet of muscle is shown in which activity is spreading from left 

to right. The dotted line indicates the position of the boundary between resting 

and active muscle at a given moment. This figure illustrates what Wilson, Macleod, 
and Barker refer to as "parallel excitation.” 

which is sloAver and.monophasic (iiositwe). An approximately isoelec- 
tric period separates these tAA’^o deflections. The rapid primary deflec- 
tion of this electrogram corresponds to the QRS group of the electro- 
cardiogram and the secondary deflection to the T-Avave. 

'^Vhen the exploring electrode is placed near the auriculoA^entricular 
junction the eui’A^e obtained is seen in Pig. IIC. This curve differs from 
the preceding in that the positive phase of the primary deflection is 
much larger and the negative phase smaller. The portion of the cuiwe 
separating the primary and secondary deflections is aboA^'e the isoelec- 
tric line, and the secondary deflection is smaller. Finally, if the ex- 
ploring electrode is placed nearer the sino-aurieular junction, the elec- 
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frogniin obfaiiicd (P’ig. ]2(J) differs from llie one obtained from the 
central region in an op])ositc M-ny from flic one just described. The 
positive phase of the priinaiy detiection is smaller and the negative 
phase larger, tlie portion of the curve which separates primaiy and 
secondary deflections is below the isoelectric line and the secondarj' de- 
ll eetion is larger. 

To e.xplain the form of tlie.se curves it is ffrsl necessarj' to return to a 
consideration of ceifain theoretical matters, 

ni 

Before considering the electrical events which take place in a rnu.ecle 
fiber during aetivitj' it will make for clarify if the general process of 
activation is described. 

If a long mu.scle fiber (Fig. 4A) is stimiilafed at the left end, flic 
e.xeitation pi-ocass spreads toward the right at a certain velocity vhicii 
may be de.signaled V^. AVhen it roaches each minute mu.scle elemens 
such as X,, :r„ fhis element becomes active and remains .so for a time 
(T) and then returns to the resting state. During tlie time (T) that 
Xj, Xi is in some stage of activity, the oxeiiution j)roce.s.s will have pro- 
gressed along the fiber. The distance traveled will he TV,.. At any 
instant after stimulation a length of mu.scle (L) equal to TV^ is, there- 
fore, in some singe of. activity. That is what is meant hy the length of 
the active jiroce.ss. The total time during which the segment is active 
(T) may be divided into three jiarts, the period during which its activ- 
ity is increasing (d\), the period during v.-hieh it is full}' active (T;), 
and the jieriod during which its activity is regressing (T-). Daring 
these inteiwahs Tj, T„, T, the excitation process v.dll have traveled the 
distances T, V« (AB, Fig. 4A), T, Y. (BO, Fig. 4A), and T, Y. (CD, 
Pig. 4A.). These are, re.spcctively, the lengths of the stages of increa-s- 
ing, full, and decreasing activit 3 ', Con.sequentlj% that portion of a mu-s- 
ele which at anj^ moment is active inav'- be represented as consisting of 
three parts, a region where activity is increasing (AB, Fig. 4A), a region 
whose activity' is full.y developed (BC\ Fig. 4B), and a region where 
activitv is regi’essing (CD, Fig. 4B). During activation a tripartite 
proce.ss of this kind maj- be pictured as pa.ssing along the mu-scle at the 
velocitj' Y,.. In the diseu.ssion which follovAS, therefore, the excitation 
proce.ss will be repre.sented as in Fig. 4B, A knowledge of the actual 
values of Tj, T, and T^ and Yg con.stitutes a fairlj’^ accurate description 
of the excitation process. How these are ascertained from a recorded 
curve' will be related in a subsequent report. In this discussion, arbitrary' 
and appropriate values have been a.S5igned to them. 

Ye as has been said is the velocitj* of excitation. This (%'eloeit%' ot 
excitation) is equal to the velocity of the progress of complete recovery, 
Y„ if T is the same for everj’^ musele segment. In other word.s, the 
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velocity of the right end of the shaded area (Fig. 4A) is equal to the 
velocity of the left end. If T were to become progressively shorter, how- 
ever, from left to right, Vr would be greater than Ve, for the length of 
the active process would be shortening as it progresses ; and if T were 
to become progressively longer from left to right, Vr would be less than 
Ye, for the process would be lengthening as it progresses. If a uniform 
■fiber is in a imiform enviroiunent, however, Ye will be uniform, T will 
be the same for each element, and Ye will equal Yr- It is these simple 
circumstances which are assumed to be present in the analyses which 
foUow. 

The electrical events aecompanj’-mg activity may now be described. 
There is good experimental support for the belief-' ^ that a potential 
difference exists at the junction between active and resting muscle, and 
that this potential difference is such that the positive pole is to^vard the 
resting muscle. Since active muscle must in some way differ from rest- 
ing muscle, and since at the junction between any two substances that 


• I 

I i 

1 i ! ' 

A B CD 
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Eig. 4. — ^A. A muscle strip is stimulated at the left end. The shaded area 
represents the extent to which tlie excitation process spread during the time tliat 
the muscle in was in some state of activity. 

AB indicates the distance traveled by the front of the active process while 
activity was increasing in 

' BC indicates the distance traveled by the front of the active process while 
activity was full in 

CD indicates the distance traveled by the front of the active process while 
activity was regi’essing in XiXn. 

B. The tripartite process of activation which is traveling along a muscle strip. 
The muscle from A to B is increasing in activity ; from B to (7 is fully active ; and 
from <7 to JD is decreasing in activity. 


differ from each other chemically or physically, a potential difference 
may exist, it is probable that in the present case the potential difference 
occurs because of the difference in composition between active and rest- 
ing muscle. Ill the sense that the transition from resting to active mus- 
cle constitutes a change in phase, the action current may be considered 
as resulting from a phase boundary potential. What the ionic mecha- 
nism may be, whereby this potential difference is produced, is for the 
present irrelevant. 

A long muscle fiber has been stimulated at the left end and that por- 
tion of it which is at the moment active is shaded (Fig. 5). The depth 
of ‘the shading roughly represents the degree of activity. For con- 
venience the active portion liRs been divided into small equal segments. 
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The transition from resting to active muscle at A is represented as being 
abrupt, but that in the reverse direction, in the region as taking 
place in four steps. If the assumption which has been made is correct, 
a potential difference exists across the boundary A, sudi that its for- 
ward looking aspect is positi\'e and its backward looking aspect negative. 
Across any boundary between A and B no potential difference exists, 
however, for the constitution of tlie muscle on one side is precisely the 
same as on the other, both fully active. In the ease of the boundary at 
B, however-, the muscle to the left is slightly less active, than that to the 
right. Consequently, a potential difference should occur here of smaller 
magnitude than tlmt at A, and of opposite direction. A similar situa- 
tion exists at each of the segment boundaries in this region, including 
the one at G. The sum of all these potential differences must, of course, 
be equal in magnitude to the single one at A, for one transition is sim- 



FJg. n. — A Uiaffram ropresentinff a munclc ptrlp Ib shown In whfeh the acth'e 
process is propreBsIns tow.ard the right. The shaded urea Is the acth-c portion 
at a given moment. The depth of the shading roughly indic.Tte.s the degree of 
activity. 

A indicates Junction of resting and .active muscle. 

BO Indicate.*) region of decrca.sing activity. 


-f 
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Fig. C. — A muscle strip is .shown in whicli tlie active proco.ss Is prograsslng toward 
the right. The active region is divided into small segments. Each is suppo-sed to 
be in a uniform state of activity througiiout its extent. In the region AS activity 
ts increasing and e.ach succe.s.'.lvc segment is more active than its neighbor to the 
right. In the region CD e-acli segment is lest? active tlian its neigiibor to the right. 
A potential difference cxi.sts between every two adjacent .segments if their states 
of activity are different In the tran.sitional regions trains of doublets thus aris*^ 
These trains are equiv.aicnt to a positive and neg.atlvo pole Bcparated by their 
length. The total change in potential Is the some for both transitions. 
given length of mu.'^cle gjx- contains a .smaller proportion of the total If it ts m 
the region OD as depicted than if it were in tlie region AB. 


ply the reverse of the other. A trau-sition from resting to active mus- 
cle, or vice versa, in reality does not occur abruptly or even in a senes 
of distinct stages, but gradually. In other words, if the number of 
segments in the region BC were greatly increased, the facts would be 
more correctly represented. In this ease each individual potential dif-. 
ference would be less, for the sum must remain the same. In similar 
fashion, instead of an abi-upt transition at A, a gradual one of short 
duration (in man}'^ short steps) would represent the course of events 
more accurately. 

Since the number of segments in the transitional regions may be in- 
creased without limit, thus approximating the gradual transition with 
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any desired degree of accuracy, and since a doublet is defined as a posi- 
tive and a negative charge infinitely close together, muscle in the tran- 
sitional state may be considered to be the seat of a train of doublets 
(Fig. 6). It is well Imoivn that such a train is equivalent, furthermore, 
to a single positive and a smgle negative pole located at either end of 
the train (Fig. 6). This leads to a generalization of importance, 
namely, that any bit of muscle, such as x^, (Fig. 6) in the transi- 
tional state maj’ be considered to have a positive pole located at its less 
active and a negative pole at its more active end. 

As has been pointed out (Fig. 4B) the active process may be graph- 
icalh' represented as a rectangle divided into three parts corresponding 
to tlie phases of increasing activity, full activity, and decreasing activity 

A B 





. 


D C B A 







Figr. 7. — A rtiagram is shown indicating how the process of activation passes 
over a muscle strip. 

A is the process of activation schematically represented. 

AB is the stage of increasing activity. 

BC is the stage of full activity. 

CD is the stage of decreasing activity. 

B. Muscle liber over whicli tlie active process A is to pass, is small 

segment of muscle whose electrical activity is plotted in C. 

C is a graph illustrating the electrical phenomena attendant upon the activation 
and recoverj* of sriSCo. The abscissas are arbitrary units of time and the ordinates 
appropriate units of potential. 


(Figs. 6 and 7A). Since the same change in state, and therefore the 
same change in potential, is accomplished in the region AB as in the 
region CD, it must follow that a given short length of muscle, such as 
x^, X 2 (Figs. 6 and 7B), will contam a greater proportion of the total 
potential difference existing between resting and active muscle when it 
is iii a region where activity is increasmg than when in a region where 
activity is decreasing. The magnitude of the potential difference exist- 
ing in x^, Xo during increasmg activity is, furthermore, as much greater 
than that during decreasing activity as AB is shorter than CD. 
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On l.he banis of this analysis it is possil)lo to jlhistratc ^graphically the 
the electrical events lakinp; place in a small segment of muscle such as 
.r„ (lurinp aelivnlion and recovery 7B). Wldlc activily is 

increasing in I he reginn Xj, X 2 the miisch; near x^ is more active than 
that near as. and the .segment is eon.scquenily the .source of a })ofcntial 
diflereneo who.s<! negati%’c pole in at 3 -, and whose positive pole is at X'j. 
This magnitude is jdotted above the axi.s of nbsekstm and Is given the 
arbitrary value of (» (J'’jg, 7C). Its duration is equal to the duration of 
the phase of increasiug activity. In other \vord.s, the elect rieal activity 
of .r,, x^ during the pltase of inercasiiig aefivity i.s represented by a 
rectangle who.so height i.s G and %vho.se width is equal to AB. 'While the 
mu.selc throughout x,, t- is fully active, uo potential dilTerence exists 
within tlicso confines, so for a ]ieriod equal in length to BC there Is no 
qiinutity to he reiiro.sentod. lUU when the muscle in xu x^ begins to 
decrease in activity, a i)olcntial difference again develops and pcrsi.st.s 
for a period equal in length to CD. During this period the muscle in 
the vicinity of x, is le.ss active than tliaf in the viei?iily of x^ so that a 



Fig. S. — Tlio effect t.-! yliown of varlouMtv plarcil Cstiblcts upon tbe electrode. 
A ha.o les.'! cgccl limn n but both effects are ncsrnilve. The effect of C to equal 
in nuiKnltiiiln to tlmi of ii, but positive. 


positive pole will exist at Xi and a negative one at x.. Since the po* 
tontial difference is opposite to tliat pi-escnt during incrcn.sing activity, 
it is plotted below the axis of ah.scissas, A rectangle results, therefore, 
one-third as tall and three limes as long as the one representing the 
electrical activity during the pliasc of increasing activity for CD is three 
times as long as AJi. Before proceeding to the consideration of mi 
actual experiment, another matter must he considered. 

An exploring electrode is now represented in I'olation to the long 
muscle fiber (Pig. S). For reasons previously pointed out, it is unncces- 
sarj' to consider the potential changes of the indifferent electrode (the 
one at a distance from the active tissue). Since the muscle is immersed 
in an exlen.sivc conduction medium of uniform conduct ivitr, the law' 

(E = • ) applic.s, where JS i.s the effect upon the electrode 

produced by any given dipole, B the distance of the electrode from the 
center of the dipole and 0 the angle between the line from the tip of the 
electrode to the center of the dipole .and the positive end of the axis of 
the dipole. 
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This equation expresses the obvious fact that any potential difference 
anyvfhere in the medium has an effect upon the electrode, that the more 
distant it is the less its effect and, furthermore, that its orientation with 
respect to the tip of the electrode also has an effect. When the positive 
element is closer (Fig. 8A) the effect is positive; when the negative is 



closer, negative. By means of tliis formula the magnitude of the effect 
upon the electrode of any potential difference existing in any portion of 
the muscle can be calculated. 

In the center of a long muscular fiber, divided into squares, is a cross 
(Fig. 9) which serves to indicate the position of the exploring electrode, 
the tip of which is supposed to be one unit of length above the plane of 
the paper. ABCD represents the familiar arrangement of the process of 
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activation and recovery. The effect upon the electrode of the electrical 
events whieli occur in the first square while its activity is increasing can 

be ascertained by applying the formula E = This effect on 

the electrode is represented in the tigure by the first shaded rectangle 
below the muscle fiber (the first from the left). Its height corresponds 
to the electrical effect produced tipon the electrode and its length to the 
duration of this effect. The duration n-ill, of course, he equal to AB, 
since it is assumed tliat the velocity with which the process travels is 
one unit of distance in one unit of time. Once this clement has become 
fully active it Anil no longer exhibit any potential difference. Thus, for 
the next .scA'cn units of time, no potential difference Arill exist here. But 
during the four and one-half units of time Avhile activity is regressing 
(equal to CD) it again becomes the source of a potential difference, but 
this time of opposite polarity. This effect is represented by the firstlong 
narroAv shaded rectangle aboA'e the muscle fiber. Since the regression 
process is three times as long as the period during Avhieh activity is in- 
creasing, the potential difference produced in a giA'cn segment in the 
first ease is one-third that produced in the second. Consequently, this 
rectangle is one-tbird as high and three times as long as the one plotted 
for the period of increasing actiAuty. Furthcrmoi’e, since the positive 
pole is ahvays toward the resting muscle, and the negative toward the 
actiA'e muscle in the ease of increasing aetiA'ity, the positiA'e pole will be 
nearer the electrode and the effect upon it, therefore, positiA’e, and in 
the ease of decreasing activity, the uegatiA'C pole Anil be nearer the elec- 
trode and the effect upon it negatiA'e, Since in electrocardiography the 
galAmnoraeter is ahA'ays so arranged that a negatiA'e effect produces an 
upAvard deflection, the negative effects are plotted ahoA'c the base line 
(muscle fiber) and positiA-e effects beloAA-. 

Next, a similar plot is made of the electrical effects produced in the 
second square. The rectangles in this case are entirely similar to those 
for the first segment but hotli are of greater height, since tlie segment is 
closer to the electrode. 

In the figure, rectangles have been constnieled for each of ten seg- 
ments, fiA^e to the left of the electrode (hatched), and &ve to the right 
(holloAv). The effects of the segments to the right of the electrode must, 
obAuously be of opposite polarity to those to the left, so that in this case 
the effects of increasing activity Avill be plotted above the line, and 
those of decreasing actiAuty heloAV. All tlie electrical effects produced 
are represented in their proper time relations. The first, that of increas- 
ing activity, starts when the excitation process reaches the muscle elc- 

*In waking' the actual calculations for this graph and the ones to 
•width of one square was used as the unit of length and g given an 
appropriate value so that the resulting graph would be of a proper size. 
effects are plotted above the line and positive effects below, to correspona lo u ^ 
conventional method of recording electrograms. 
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ment and endures so long as this transitional (increasing) state lasts. 
The second, that of decreasing actmty, is plotted not over the muscle 
element in which it originates, but at the position corresponding to the 
tune at which it occurs. Consequently, it is only necessary to take the 
sum of all the effects present at a given instant to obtain the height of 
the electrogram at this instant. Thus, anj^ line draAvn perpendicularly 
to the base line (muscle fiber) vtU cut one or more rectangles. If the 
segments of the intercepted rectangles are measured and added alge- 
braically, the ordinate of the electrogram for that instant is obtained. 
Figure 9B is the theoretical electrogram so plotted. It will be seen that 
the 0 value of the ordinate at T 2 is the result of the sum of two equal 
but oppositely directed potential differences and not the nonexistence of 
a potential difference at this time. In the region to the right of T 3 , ef- 
feet-s of the regression of acti'^'ity in segments to the left of the electrode 
are combined with effects of increasing activity in elements to its right, 
until the result that the curve does not return to the base line in this 
region. The dotted lines in the figure represent the effects of the acces- 
sion and regression of activitj' in this region of overlapping, plotted in- 
dependently. It is obvious from the figure that the electrogram is the 
sum of two diphasic curves, the first the result of the onset of acthdty, 
and the second the result of its regression, separated by an interval 
equal to the period during which each segment of muscle is fully active. 
It is to the second of these curves that iiarticular attention will be di- 
rected, for adequate analyses of the former have already been made. 

The recorded curve (Fig. 9C) was obtained from the frogk auricle 
by the method ali’eady described. Its similarity to the theoretical one 
is obvious. All the essential features of the recorded cuiwe are present 
in the theoretical one. This particular curve was obtained from the 
central portion of the auricle after the preparation had been heated by 
flushing it with warm saline solution. It was chosen for the first analj*- 
sis because it exemplifies the process in a more general waj’ than do the 
eiiiwes taken under more nearly normal conditions which will be dis- 
cussed presently. Craib, and Wilson, Macleod, and Barker believed 
furthermore, from their studies of the primary deflection, that the sec- 
ondary or T deflection should be of tliis shape. But if such curves had 
been obtainable under ordinary circumstances, correct analyses of the 
secondary deflection undoubtedly would have been made long ago. 

In the earlier part of this study the first rapid deflection (QEB) of 
the electrogram or electrocardiogram has been referred to as the pri- 
mary, and the slower and later (T), as the secondary deflection. These 
terms are not satisfactory and were merely used as a conA^enient means 
of referring to the parts of the curve. But norv that a probable causal 
relationship has been shown to exist between the first rapid diphasic 
curve (Fig. 9, TiToT^) and the accession of aetivitA^ and the second 
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slower diphasic curve (Fig, 9, ToT^T^) and the regression of activity, 
they will hereafter be de.signated as the aece,ssion deflection and the 
regression deflection. 

It has been a.ssiimed that a muscle flber is long enough to include all 
stages of activity at one time. But the conditions so far discussed do 
not represent the normal state of affairs. Obviou,sly, since each srnalJ 
.segment of muscle goes through cveiy plm.se of activity, it is not at all 
necessary that fibers be long enouglj to contain at the same time, seg- 
ments in each and every state from rest to full activity, and back again. 
It is permi.ssible, therefore, to eon.sider wliat may happen in a piece of 
muscle mueJi .shorter than the process of activity. In Fig. IDA is repre- 
sented a short muscle fiber ten units lojig, tlie electrode located at the 
center but removed one segment’s length from the plane of the page 
toward the reader. To the right, the excitation process is .schematically 
represented. In the region AB, activity i.s incrca.sing, in 0% it is fully 
developed, and in GV, it is decreasing. CD, the regre.ssion proce.ss, is 
more than twice as long as the mu.scle fiber. It is, of course, under- 
stood that length of process mean.s merely the iime during which activity 
is decreasing in a single muscle element, time.s the velocity/ with which 
the process travels. 

If the electrical effects of each element in this .short muscle arc plotted 
as in- the ease of the long mu.scle fiber prcviou.sly di.seu.s.sed, a graph 
similar to that in Fig, 9 is obtained fFig. lOA), Figure 10B is the 
theoretical electrogram deri%'ed from the graph. The recorded curve 
(Fig, IOC) willi wliich it i.s to be compared was obtained from the cen- 
tral region of the frog’s aui'iclo at room temperature, that i.s to say, 
under ordinary experimental conditions. 

It will be noted that the electrogram, as before, is the sum of two 
diphasic curve.s, one produced by the electrical effects of increasing 
activity, and the other by the electrtcal effects of decreasing aetivity. 
Where the effects of decreasing activity (hollow rectangles) overlap 
those of increasing activity (.shaded rectangles), the dotted line repre- 
sents the effects of decreasing activit 3 ’' plotted alone. In this ease it has 
been a,ssumcd that the muscle remains fully active for a .short time only, 
so that the regression process (the effect of deerea.sing activity') begins 
very .shortly after the accession procc.ss. The fir-st pha.se of the regres- 
sion process is, in these cireum.stances, entirely concealed in the larger 
accession process. This combination of effeet-s necc-ssarily di.stort.s the 
accession deflection somewhat, rendering it a-s^unmetrical, .Since the 
portion of the regre.ssion process which i.s combined with the accession 
is an npwmrd deflection, it sligbtlj' reduces the depth of the first down- 
ward phase of the accession deflection and augments the height of its 
upward phase. It is noteworthy also that while there is a long isoelec- 
tric region separating the first upward and second downward deflections 
of the regression process, this is the re.sult of a balance between equal 
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and opposite effects in muscle units to either side of the electrode, and 
does not indicate that no electrical efCeets are jjvesent dui’ing this period. 
This point will he made clearer in the next tw'o experiments. 

If, instead of placing the electrode over the center of tlie muscle 
strip, it i.s placed nearer to one end (the end at wliich the iinpulse ar- 
rives late.st) as in Fig. 11 A, a distinct change in the type of curve ob- 
tained takes place. The graph of the electrical effects produced and the 
theoretical electrogram arc constructed just as in t.he previous cases. 
The actual curve with which tiie theoretical electrogram is to he com- 
pared was obtained from the anteidoj* surface of the frog’s auricle near 
the auriculoventrieular junction. The similarity hetween the theo- 
retical and actual curves is again marked. The curve does not return 
to the base line aflei' the end of the second phase of the accc.ssion process, 
hut remains above the i-sodeeti-ic line for’ a time and tinalJy dips .slightly 
below it. In this case, the surn.s of the electr-jeal effects of the I’cgrcssion 
process in the muscle elements on eitlier side of the electrode are unequal 
so that the curve does not coincide with the isoelectric line hetween its 
upward and downward peaks. 

The rever.se effect is obtained by placing the electrode near the other 
end of the muscle .strip, that is to .say, near tire end at v/hicli the im- 
pulse arrives first (hbg, 12A), The recoi'ded curve which i.s to he com- 
pared with the theor'ctieal electrogi-am was taken with the cxplor'ing 
eleeti’ode near Die sino-aui-ienlar junction. This record r.s Ic-ss satisfac- 
tory than tlie curves illu.str'ating the other cmse.s becau.se its last part is 
distorted by the occurrence of a venlrieula/’ beat, and becau.se in order 
to expo.se the sirio-aurieular junction, tlie heai’t was pulled out of its 
normal position. But tlic expected feature.s of the curve can be identi- 
fied and are quite similar to the theoretical electrogram. In thi.s case 
the portion of the regi'ession process between the two peaks is below the 
i.soeIectrie line because the equilibrium between the force, s on the two 
sides of tlie electrode, acting during this interval, has been unbalanced 
in the direction opposite to that in the previous case, 

m.scr:.s.sioN 

It is apparent from the.se analyses that tlie i’egre's.sion deflection i.s, as 
Craib and Wilson, ^lacleod, and Barker believed, a curve of opposite 
phase to that of tJie aeee.s.sion deflection. Its first phase may be con- 
cealed within the aeee.s.sion deflection and between its upward and dovm- 
ward peaks there may he a jioi'tion parallel to the ba.se line, Craib s 
qualitative rea.soriirig was too indefinim and Wilson, Macleod, and 
Barker’s mathematical analycsis loo cumbersome tx> bring out these facts 
clearly. Discussion of the quantitative r<ilat!onships hetween acce.ssion 
and regi’e.ssion proces.ses will he left for a futim; time hut it is obvious 
that sucrh relalion.ships exist and that an analysis of the T deflection of 
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the electrocardiogram by meaTis of the areas included by the cornplcxcii, 
such as Wilson, i\laeleod, and BaT'kor”^ made, is appropriafe, 

fSince there is evidence to indicate that f lic form of the electrogram is 
essentially the same foj* all forjns of cardiac mtiscle, and since the time 
relationship between accession aiid regression processes is similar in 
electrograms (direct leads) and electrocardiograms (indirect leads), it is 
probable that part of the j-egression deflection of the electrocardiogram 
is I’cally concealed in the accession deflection (QlbS) and what has been 
called the S-T intcin'al, is actually jjaj't of the regression deflection. 
That the S-T segment is an approximately straight line and either coin- 
cides with the isoelectric line or is ])a)’allel to it depends on the fact that 
the length of the regression })i-oce.s's is longer tlian the course over which 
it travels. Coincidence of this j)orlion of the curve (S-'l’) with the i.so- 
electric line i.s, of course, fortuitous. If a lai'go number of clcctrocardio- 
grains i.s inspected, it will be found, in fact, that the coincidence is .sel- 
dom exact. According to this view, what has usually been called the 
T-wave is only the last phase of the rcgre.ssion deflection. 

In mo.st diseu.ssions of this kind some menfion i.s made of the incrn- 
bi’ane theoiy of Beimstcin. The fheoretieal concepts iji the early part 
of this paper are quite different in purpose from those of Bcm.stcin, 
They do not, as do hi.s, attempt to c.xplain the entire mechani.sm of 
stimulation and conduction, hul aim only to elucidate one phenomenon, 
the action current. Whereas Bernstein created an ingenious but im- 
aginary construction which inigbt account for the phenomena olwcrvcd, 
the argument hci'c presented consists of logical deductions from facts 
experimentally ascertained, according to accepted physical methods. 
Since mo.st of these ideas are (juite different, therefore from any held hy 
Bern.stein when he described his theory, it seems inappropj'iate to at- 
tempt to correlate them with it.® 

The assumption has been made that active and resting muscle differ 
in their constitution and that the contact potential between them gives 
rise to the action current. The firet statement Avill hardly be denied and 
the second, since it is an undi.spuled fact that a potential difference exi.sl-s 
between active and resting muscle, becomes .self evident if the term con- 
tact potential is used in its broadest .scn.se, and no attempt is made to 
define the possible mechanism by which it i.s produced. Consequently 
the argument which lias been developed i.s indeiiendent of v/lialever may 
be discovered about the significance of minute anatomical .structuras and 
the chemi.stry of activation and recovery. It can .shed no direct light 
on these subjects but may be able to furnish criteria useful, in their in- 
ve.stigation for it follows from the eamsal rcdation.ship showi to exist 
between the stages of increasing and decreasing aetivdty and the accas- 

‘It la true th.at the iwtentfnl fUfference between active find reiitlna 
be accounted for by the membrane theory ■xvhe/i propf^rly jnUirpret^d^ but iho mcuio' 
uBed in the forepart of thia paper h more direct and Jem confoninff. 
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sion and regression deflections of the electrogram that it is possible to 
follow the coni’sc of the I'eaetions, as yet unkno^vn, which constitute the 
processes, of activation and recoveiy. 

SUMMARY 

1. A method for recording electrograms from the uninjured frog’s 
auricle has been described which ap])]-oximate those obtainable from a 
simple strip of muscle. 

2. Stalling with the observation that a jiotential difference exists be- 
tween active and resting muscle, an analysis of the processes of activa- 
tion and I'eeovery has been made. Based upon this analysis, a graphical 
method for the construction of a complete theoretical electrogram has 
been devised. Any assumjitions regarding the propeilies of the excita- 
tion process may be made and the appropriate theoretical electrogram 
plotted. When a theoretical and an actual electrogram accurately cor- 
respond, the properties of the excitation jiroce.ss in the muscle which 
produced the actual curve are ])resnmcd to be similar to those assumed 
in constructing the theoretical one. 

3. The regre.ssion, like the acce.ssion deflection, is expre.ssed in a 
diphasic curve, the central portion of which may be. parallel to the iso- 
electric line. 
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EFFECTS OF INDUCED OXYGEN WANT IN PATIENTS 
WITH CARDIAC PAIN'^' 

Robert L. Levy, M.D., Alvan L. Baeach, M.D., 

AND Howard G. Bruenn, M.D. 

New York, N. Y. 

^ I ''HE precise meclianism by wliich painful impulses are initiated in 
tlie heart is, as jmt, imperfectly understood. There is much evidence 
to indicate that cardiac pain is due to chemical irritants, presumabU" 
acid in character, Avhicli are formed during- muscular contraction, and 
that ischemia pla^^s an important causative role.^ Reduction or cessa- 
tion of blood supply may bring- about an increased accumulation of 
such acid metabolites or may result in failure of the circulation to 
wash away these substances from the cardiac tissues. Whether tlie 
lack of ox 3 ^g-en is itself the stimulus, or whether a pain-producing- 
substance is formed as the result of anoxemia, is not clear. 

The present stud}' was undertaken in order to observe the effects 
of induced, s.Ystemie ox.ygen want in relation to various other factors. 
Our procedure differed from tliose previously emploj^ed in that (1) a 
special apparatus ivas devised b.y means of which the patient could 
breathe a constant percentage mixture of oxj^gen at a rate comparable 
to that of the normal pulmonary ventilation ; (2) the level of anoxemia 
reached was ascertained b.y determining tlie oxj’^gen saturation of the 
arterial blood; (3) the arm-to-tongue circulation time was measured 
before and during the test. 


technique 

ApparaUis (Kg. 1). — A tank containing 12 per cent oxj^gen and 88 per cent 
nitrogen was used to maintain an imvarrtng concentration of oxygen in the in- 
spired air. The oxygen mi.xture was admitted at a rate that was comparable 
to the normal xmlmonary ventilation. The bag was kept full but not distended. 
By the use of two flutter valves the mixture was inhaled during inspiration and 
exhaled during expiration, without rebreathing. A two-way valve at the mouth- 
piece enabled the observer to connect the patient to the apparatus while breathing 
room air and thus accurately to record the time that he was exposed to inlialation of 
a low oxygen mixture. A tank containing 100 per cent oxygen was also in the 
circuit, so that if necessary, by turning a needle valve, anoxemia could be quickly re- 
lieved. At the end of each period of observation, the patient was permitted to 
breathe pure oxygen for several minutes. 

Procedure . — Observations were made at least two hours after the last meal. The 
temperature of the room in which the test was made was kept reasonably constant 

*Pi'om the Department of Medicine. College of Physicians and Surgeons, Columbia 
University, and the Medical Clinic of the Presbyterian Hospital. 

This investigation was aided by a grant from the Josiah Macy, Jr. Foundation. 

Read in abstract before the Section on Pharmacology and Therapeutics at the 
Eighty-Eighth Annual Session of the American Medical Association, Atlantic City, 
June 9 , 1937. 
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at about 68° P. The patient was allowed to rest in bed for a period varjing from 
twenty minutes to one hour. The procedure w’as explained and the patient was 
told that as soon as he experienced pain in the chest or arms, he should raise his 
hand. A sample of arterial blood taken from the brachial artery was then ob- 
tained under oil. The needle for the venous pressure apparatus was next inserted 
into one of the veins of the arm and a free flow of the column of fluid was assured 
before proceeding. Through this needle, which was attached to a three-way stop- 
cock, 5 C.C. of a 20 per cent solution of sodium dehydrocholate was injected and 
the circulation time, using a bitter taste as the end point, was measured in seconds 
vdth a stop watch. The mouthpiece of the gas apparatus was then in.serted and the 
nose clamp adjusted. The patient was allowed to breathe ordinary air through 
the valve of the apparatus for a few minutes. Control readings of pulse, respira- 



Fig. 1.— Apparatus, A — ^iloutlipit-ce. 77— Expiratorv flutter valve. C'— InsplratoC- 
flutter valve, JO — ^Slouthpiece contro! valve. A — Bag:. F — .Support stand. G — ^Nitro- 
pn-oxj-gren mixture needle valve. H — Oxygen needle valve. K — ^Tank containing mlx- 
cent nitrogen and 12 per cent oxvgen. It—Tarik containing pure oxygen, 
-u — ^Tank carrier. 


tion, blood pressure, and venons pres.sure were made until an equilibrium had been 
reached. The test was then started by turning valve D, as .shown in Fig. 1. 
pain was experienced the low oxygen mixture was immediately shut off and 100 per 
cent oxygen was administered. The period of observation was u-sually no longer than 
ttventy minutes and was never continued longer than twenty-eight rainute.s. Eecords 
of the pulse, respiration, blood pressure, and venous pressure were taken eveiy fe.r 
minutes. The arterial oxygen saturation and circulation time were determined 
again only at the conclusion of the experiment. 

The above procedure was followed, but without the blood analy-ses and venous 
pressure determinations, in those cases in which electrocardiograms were taken. 
In such experiments, a control record was made and additional curves were taken 
throughout the period of observation at intervals of .several minutes. 
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MATERIAL 

Observations were made on 37 patients with cardiac disease."^ Seventy 
tests were performed; electrocardiograms were taken in ten of these. 
The clinical diagnoses were : coronary sclerosis with cardiac pain, 30 
cases; coronary sclerosis with rheumatic aortic insufficiency, 1; hyper- 
tensive heart disease with cardiac pain, 2; aortic stenosis with cardiac 
pain, 2; syphilitic aortitis and aortic insufficiency, with cardiac pain, 
1; rheumatic heart disease with mitral stenosis and insufficiency, 1, 

Eleven additional patients without cardiac disease served as con- 
trols. The same procedure was applied to them. 

RESULTS 

Cardiac Pain . — Three of the 37 patients with heart disease did not 
complain of spontaneous pain; in them, no pain was induced by 
anoxemia. Of the remaining 34 who gave a history of anginal attacks, 
only a single observation was made on 23. Of these, 9 had pain dur- 
ing the test; 14 had no discomfort. 

In 14 cases, more than one test was done. In 4 patients, no pain 
occurred. In 7, the result was variable, the patient on some occasions 
complaining of pain, at other times failing to do so. This variability 
in response to anoxemia was striking and, it seems to us, important, 
particularly when compared to the invariable, prompt and sharp re- 
sponse in 2 patients with aortic stenosis. The significance of these 
results will be considered in the discussion. 

In none of the 11 patients without cardiac disease did pain occur. 

Reart Bate . — There were 58 observations in 37 cardiac patients. In 
34, the rate was accelerated; in 6 there was no change; in 5 the rate 
was slower at the end of the experiment than at the beginning; in 
13 there were slight fluctuations, t There was no correlation between 
alterations in rate and the occurrence of pain. 

Bespiratory Bate . — There were 57 obseiwatious in 37 cardiac patients. 
The rate increased in 35 ; in 3 it was unchanged ; in 5 it became slower ; 
in 14 there were slight fluctuations.! As was the ease "with the pulse 
rate, there was no demonstrable relationship between the respiratory 
rate and the occurrence of pain. 

Blood Pressure . — There were 58 observations in 37 cardiac patients. 
The systolic level rose in 30; in 4 it was unchanged; in 9, it fell; 
in 15 there were slight fluctuations.? The diastolic level rose in 24; 
in 10 it was unchanged; it fell in 12; in 12 there were slight fluctua- 

*We are Indebted to Dr. Harold J. Stewart for referring- a number of patients from 
the Cardiac Sic of the New York Hospital; and to Dr. Arthur C. DeGratf for 
sending- one patient from the Cardiac Clinic of Bellevue Hospital. 

tA change of 10 beats or more per minute was considered significant. 

tA change in rate of 4 or more per minute was considered significant. 

§A change of 10 mm. Hg or more, was considered significant. 
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lions. Boll) systolic ond dinstolio j)r(;.ssnrcK ro.sc more often in the 
cases that developed j)iiiii, and fell more frequently in those that did 
not. But the as.s'oeiation was nol invarialde. The aelnal chanties oh- 
.served were J'elatively small; in only Bl insfance.s did the sy.stolic 
pressure fluctuate more than 20 mm. Jl'r ; and in only 4 did the dia.slolic 
vaiy to this extent. 

Venouf; 7hY,.ss?/rc.*— There was no dcffinite, trend in the 18 cardiac 
patients in wlumi this was determined. Of the frroup, G c.xperieneed 
pain; and included in this numhcj' were the 2 patients v.dth aortic 
.stenosi.s. In 4 of those G patient.s, a rise in venous pressure occurred, 
ranginf,' from 32 to 35 nun. of v.-ater. Of tlie 32 cases winch did not 
have pain. 4 showed a higher rending at tlm end of the c.xporiment 


'J’.vtii.f; 1 


PnoToror, or a Tvj'Icai- 


II., male, nge'l <19. Diarin'mf;: 3Iyj>erten.')oii; earAi.'ie lu'pertrophy; 
of coronary arfcrie.s; cardiac pain. (Elcctrocardiog.'.ain aho’.vcd siaua rhythm', left 
bnndle-braiicli block; prolonged .-t-V cnndiicfion; T, ±; T, and T, '0 “)- 
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•Pain d^cribed as "tlie same as wlien I wallc.- It was nrecordial. with radlaUon 
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• Venoms pre.s.sure was ineasiired by tbc direct method of Aloritz. F,. and von 
Tabora, U: Ober elne Methode helm ilenschen den Druck In obcrflilchllchen A enen 
exakt zu bestimmen, Deutsch. Arch. f. kiln. Med. 08 s 475. 1010. 
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than in the control readings. The average duration of the experiment 
vs^as longer in the group without pain — an average of nineteen minutes 
as compared with eleven for the group udth pain. 

Circnlation Thne ^-- — This was measured in 18 patients with cardiac 
disease and in 11 persons with normal hearts (Table II). In some of 
the cardiac patients the control reading was a little longer than the 
upper limit of twenty-one seconds observed by others in similar cases 
without ni 3 ’'oeardial insufficiene.y.^ This maj^ have been due to the 
presence of a mild degree of latent left ventricular failui’e. Except 
in the two patients with aortic stenosis, the circulation time invariablj'- 
decreased, that is, the rate of flow became faster. In 5 patients, pain 
appeared after an average interval of nine minutes, and the average 
shortening in circulation time was six seconds. In the 10 patients 
without pain, the average duration of the experiment was twenty 
minutes and the average shortening was five seconds. 

In the two patients with aortic stenosis, the circulation time did not 
change. This was in sharp contrast to the acceleration observed in 
the other cardiac cases. 

As a general rule, the increased velocity of the circulation was propor- 
tional to the increase in heart rate. In about one-third of the cases, 
however, this relationship did not obtain. In the patients with aortic 
stenosis, the heart rate increased 26 beats in one instance and fell 12 
beats in the other. 

In the 11 persons Avitli normal hearts, the changes in circulation time 
after eighteen to twenty’ minutes of anoxemia were relatively’’ small, 
the maximum being a decrease of 4.8 seconds (Table II). Evidently 
other mechanisms can compensate in large measure for oxy’gen want, 
provided there is no cardiac impairment. 

Arterial Oxygen Saturation A — This Avas determined in 17 persons 
with cardiac disease and in one normal person (Table II). The con- 
trol IcA’els ranged from 93.3 to 97 per cent, Avith four exceptions. In 
tAvo instances, the control specimens Avere taken fifteen to eighteen 
minutes after the conclusion of the experiment, instead of before be- 
ginning it (Cases 3 and 23, Table II). The values Avere 90 and 91 per 
cent respectively ; eAudently a proper gaseous equilibrium had not been 
reestablished. In tA \’0 other cases the control A'^alues Avere a little Ioav 
—89.6 and 92.5 per cent respeetivety. In one of these, emphy^’sema 
was present; in the other there was profound anemia (Cases 4 and 5, 
Table II) . 

‘Circulation time was measured according: to the method, of AA^'intemitz. M., Deutsch. 
X, and Brill, Z. : Bine klinische braiichhare Bestimrnungsmetliode der Blutumlaufzeit 
mitteis Decholininjektion, Med. IClin. 2": 98G, 1931; ibid. 28; S31, 1933. 

tArterial oxygen saturation was determined by the method of Van Slyke, D. B.. 
and Neill, X Determination of Volumes of Gases in Blood by A^acuum Extraction 
and Manometric Measurement, X Biol. Chem. 64; 543, 1924. 
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In every case, tlio-c was marked knveriri" of llie aricrial oxygen 
saturation, ilic values at tlie end of Ike ohservalion period ranging 
from 50.1 to 82.8 per cent. JSxcejjfing Ike four eases referred to in 
llie ])rcceding paragraph, llie lowest level of .satundion was G7,G per 
cent. In the one patient with a normal heail iri whom the arterial 
oxygen content wa.s determined, the level fell from 9G.0 per cent to 
G7.8 per cent. The degree of cyanosis wa.s, in gwieral, proportional 
to the degree of unsaturation. JJnf there wa.s no apparent rclation.sliip 



FIk. 2. — Patient with ooronarj’ Kcli:ro.slF iinri cftnlinc p;iln. A~-f'ontrol. /’ — 
inhalinK 12 per cont oxysen for one nilmito. C — nftor rix ininutca. Note chanf^a in 
the contour and amplitude of tlic 'X'-wave.a in nil leads. Tlie change.*! in the one 
S-T ficgments are slight anrl are nioHt marked in I«»!ad IV. 


hetween the degree of anoxemia and the appenranee or severity of 
cardiac pain. Nor did the level of oxygen saturation run parallel 
with increase in heart rate or decrease in circulation lime. 

jElecirocardiograms . — ^These were taken in 10 patients with cardiac 
disease. Changes in form were ob.served in all; in each instance the 
T-waves altered their amplitude and, occasionally, their direction (B’ig- 
2). In seven eases, the R-T or S-T segments became depre-ssed in the 
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tlii6G stfliidflicl IggcIs or gIcygIgcI in IjGflcl IV (Fig’. 3). TIig liGcirt T 3 ,tG 
was uiiiforinl}' aecGlGratGcl. TIig auriculoYGiitriculai' couductioii tiniG 
rGiuaiiiGd i-Gmarkablj' constant. 

In 8 patients witiiont heart disease, cliang'es in the form of the 
records were also observed in all, but they were of relatively minor 
degree (Fig. ,4). In seven, the T-waves were slightly flattened; in two 
the E-T or S-T segments ivere a little depressed. The rate was alwa^^'s 
increased. 



Pig. 3 . — Patient with coronary sclerosis who had been given paravertebral injections 
of alcohol with almost complete relief of cardiac pain. A — conti'ol. B- mhaling 

12 per cent oxygen for thirteen rninntes. G — after seventeen nnnutes. ^ote depres- 
sion of R-T and S-T segments in the tlii'Ce standard leads, and marked elevation in 
Lead IV. There are also changes in the amplitude of the T-waves. 

Untoward Eifects.—ln two patients, unpleasant reactions occurred. 
The first, a man, aged sixtj^-five years, with coronary sclerosis and 
cardiac pain, had suffered from an attack of coronary thrombosis 
seven years previously. The signs indicated that an aueur 3 ’'sm of the 
left ventricle had developed. Six minutes after beginning the inhala- 
tion of 12 per cent oxygen, an attack of tjqiical pulmonaiy edema 
appeared. An injection of morphine was g’iveii and he was ’ kept in 
bed in the hospital until the following morning. He was then able to 
return to his home and experienced no further ill effects. 
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Tlie second patient was a man, aged sixty-one years, with coronary 
sclerosis and cardiac pain. He, too, liad recovered from an attack of 
coronary thrombosis tliree years before, A healed infarct of the myo- 
cardium was present, without demonstrable aneurysmal dilatation of 
the ventricle. Ten minutes after beginning to breathe the low oxygen 
mixture, the blood pressure began to fall and within another five 
minutes had dropped from 330/80 to 98/51, The venous pressure fell, 
eoincidently, from 46 to 6 mm. of water. He presented the picture 



Fie. 4. — Patient with normal lieart. A — control. JJ — after inhaling 12 per cent 
oxygen for twenty minute.s. Note sllglit Rattening of tlie T-waves in Leads 1 and ir - 
and less deeply inverted T-wave in l.ead IV. There is no effect on the P.-T or s-i 
segments. 

of shock. Pure oxygen was administered through the apparatus and 
ten minutes later the blood pres.sure had returned to its initial level, 
although he was still shaky and cold. No cardiac pain was felt by 
either of these men,- presumably the nerve endings in the scarred areas 
of heart muscle had been destroyed or rendered insensitive to painful 
stimuli, 

A number of patients complained of transient dizziness and drync.ss 
of the mouth; but there were no other disturbing incidents. 
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COMMENT 

Other observers, using rebreatliing methods, have commented on the 
inconstancy with which cardiac pain occurs on the induction of gen- 
eralized anoxemia in patients with spontaneous attacks.^ Eothschild 
and Kissin noted also the lack of relationship between the oxygen level 
of the inspired air and the onset of discomfort. They concluded that 
the response to induced oxygen want was of value in the diagnosis 
of an impaired coronary circulation. Katz, Hamburger, and Schutz, 
on the other hand, decided that because of the variability in the results 
and of the hazard to the patient, “the use of induced anoxemia as a 
test for the presence of angina pectoris is of questionable value.” 

Our results, though confirming tlie variability' with which pain oc- 
curs, ma.y be interpreted in a manner whicli will serve to reconcile 
this difference in point of view. It is understood, of course, that what 
is said applies only under the conditions of these experiments, namely, 
a relatively short period of anoxemia and levels of arterial saturation 
ranging from 67 to 83 per cent. In addition to hawng shown that 
pain is not invariably caused by induced oxygen want in different 
patients with spontaneous attacks, our observations have stressed the 
inconstancy of its occurrence in the same patient at different times. 

The inconstancy in response was not related to changes in heart 
rate, arterial blood pressure, or venous pressure. There was no critical 
level of arterial oxygen unsaturation at whicli pain occurred. But in 
all eases of cardiac disease studied, with two exceptions, the circula- 
tion time decreased — that is, the rate of flow became faster and, 
presumably, the cardiac output increased.^ At times the increased 
blood supply to the myocardium was sufficient to counteract the effects 
of the lowered concentration of oxygen. In the two j^atients with 
aortic stenosis, repeated tests (6 in one case, 3 in the other) resulted 
in the prompt and invariable causation of pain. It was in these two 
cases that oxygen want did not induce a change in the circulation 
time. That the coronary blood flow is reduced in aortic stenosis has 
been demonstrated bj* Green. ^ Because of mechanical obstruction to 
the outflow of blood from the left ventricle, acceleration of the rate 
of flow and coincident increase in cardiac output cannot become op- 
erative as compensating mechanisms. Coronary insufficienc}', with 
ischemia of the myocardium, results. In the presence of oxygen want, 
pain is produced. 

Anoxemia, then, must be regarded as an important factor in the 
causation of cardiac pain. Probablj* it is not the sole cause.® It is 
most effective when the coronary flow is reduced ; its importance varies 
directly in proportion to the extent of such reduction. Anoxemia 
appears to be the determining factor in the process, in the sense that 
liain occurs only when the supply of oxygen is inadequate. Ischemia 
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and anoxemia eomplcment eaeli oilier in synerj^istie fasliion as pain- 
indneiii'' afrenls in tlm licarl. ; neillier is wliolly efTeetive alone. Thus, 
pxireine anoxemia does not cause cardiac pain in the normal person 
in whom compensatinjr mechanisms in Ihe cirenlafion ai'c able to 
funclioii; conver.sely, llie pain following coronary occlusion is often 
partly or complelely relieved by fhe aflminisl ration of oxyfren.' 

A nnmhei’ of circumstances are undonhlcdly concerned. Of "real 
importance is the emotional stains of the patient, as v.'cll as Ids nsiial 
ability to ajipreciate jiainfnl sensations,'* Other variables are the 
dejrree of sensitivity of the afferent ikm-vc endinjrs in the heart, the 
state of the nervous pathways wJiich conduct pain impulses from the 
heart to the central nervous system, the total metabolism of the patient 
and the oxy jien -carry in ir ea|)acity of the blood. 

The clian'ies in the form of the electroeardiocram which we liave 
I’oeorded have been pi-evifinsly noted.'' The\' are not specific, for 
similar alteiaitions can he induced by a number of other conditions. 
Their descj'iption has been included merely to indicate that they oe- 
eurre<l under the conditions of these tests. It is well to emphasize 
that they occurred in patients with normal hearts as well as in those 
with cardiac disease, hut that fhe defiree of chan'-o* was far "reater 
when the coronary circulation was impaired. 

The induction of jiulmonary edema and of shock in palicnt-s with 
coronary ijisnfficicncy and a datmic-cfl myocariliiim is of practical im- 
portance in relation to the effectsof oxygen want at flu! hinh altiliidc-s en- 
countered in acro])laue fiinlits,’'' An o.xyncn conceutraf ion of 12 per cent 
in the inspired air is equivalent, approximately, to an altitude of 15,000 
feel. Pcr.sous known to have cariliae disease due to an affection of the 
coronary ai'terie.s should not he permitted to asfcuul to liinh altitudes. 


•'.Sinffc our \v:i.“ ivritt'-n. :t r<-t)!a»I;:n»!<- cri.-'i- I.-oritiE; on UjI-* f>oint lifc-f b*S'n 

reported by Capt- O. O. B<.-n“on. of the Corp,' f'. .s, Arinv fCoronnn.- Art'rO" 

T5isc,ase: Report of ,-i F;ital CaiUl'ic Alf;i< !c In a Pilot Whllr; mylrip. J. Aviation Alt-'!. 
8: 81, ia37). An oilie-'.-r of tho Air Cort).-', ayt-U thirty-four ycarr. )»;id HOrvofl through- 
out the T\-ar in Kr;ince. lie waa a viiroroua. iit-alUiv niati. f-orncv.'fiat ovejTveifc'lit- 
Tiiere wa.« nothing- in tlic hif:tor>' to indicate Uie presence of c.'inliovaj'cular di.‘--ea.*'.-- 
The blood pressure Iiad .ahvays been normal. In Xoveniber. while piloting an 

airplane over Uio Teiiacliain I'/iph In California, he fuddenly esp'-rienced a severe 
pain in the eijest. He -vvaa the only pilot in the plane, which eoritainr-'l several pas- 
sengers. Despite agonizing pain. lie lU-v: for tv.-enty minutes longer an'I lait'led v.-ithout 
rni.shap. He v.-as put to lied at once by a rtK-dical officer. F.-’in c'intinuc'l, cyanosis 
increa.sed, and he died about .an hour later. 

At necrops.v the heart welgiied 141 gni. In tlie Hgiit coronary .artery tliere were 
.several superiic-ial patche.s of atherom.a. but no gro.s.s involvement of tiie smaller 
branclie.s v.-a.s seen. The dejg:ending braneli of tlie left coronarj- artery, about —a 
cm. beyond Its point of origin, showed exten-sive .atiicroma. inx'olvdng almo.'--t tiiC c-t^ 
tire intima to witiiin a .“Ijort distance of the cardiac .apex. The lumen was not ninch 
compromised. The circumflex branch was affected in similar fa.shion. The aorta vni~ 
pr.actlcally free from pathologic change, Tiie leaflefn of the aortic valve v/crc very 
•slightiy thickened. Tliere were sever.al small yellowish p-atche.s of atiieroma .about 
the base of the aortic le-aflet of ilie mitral valve. Xo tiirombl or emboli were foim'i- 
There v/as no infarction o£ the myocardium. The otljer organ.- were normal. 

Micro.scopically. a few of the fibers of the beai-t muscle were liypertrophied. Tne 
medium-.slzed arteries v.-ere sclero.sed. There was scarring in the septum, .and about 
one-rjuarter of tlic flbtr.>; of tiie main auriculoventrimilar bundle v.'cre destroyed by 
flbro.>il.s. 

Benson remarks that "there is .aiiflicient pathologic change In the he.art to Jm-tify 
the conclusion it v.-as the cau.se of death, precipitated by .an attack of .angina. .Shoum 
tlie pilot’s death Yiavo occurred in the air with the re.sultant cr.asli of the plane ana 
death to the other occupant.s, the conjecture.s a.s to tlie cause of tfie atyiidcnt wyuiu 
have been myriad, no doubt. .Structural failure of tlie plane would probably b-a'-e 
been the generally accepted explanation." 
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If sucli a flight is imperative, provision must he made for supplying 
the necessary concentration of oxygen. 

It is possible that a procedure such as the one described in this 
paper will prove useful as a test for the functional efSciency of the 
coronary circulation. It may be expected to detect only those in- 
stances in which the coronarj' reserve is markedly diminished and in 
which there is failure of compensation under stress. These are the 
patients in whom acute coronary insufficiency and, on occasion, sud- 
den death are likely to oecur.^° But further studies are necessary to 
define more precisely the applieabilit 3 % limitations, and dangers of 
such a, test; at present, it is not recommended for general use. 

SUjM]\rARY 

1. An apparatus has been described for inducing sj'stemic oxygen 
want in patients, without rebreathing. 

2. Observations were made on 37 patients with cardiac disease and 
on 11 with normal hearts. A level of oxj’-gen saturation was reached 
ranging from 67 to 83 per cent, as determined in samples of arterial 
blood. 

3. There was no constant relationship between the occurrence of 
cardiac pain and changes in heart rate, respiratory rate, blood pres- 
sure, venous pressure, circulation time and the degree of arterial 
unsaturation. 

4. Pain occurred ineoustantlj^ in repeated tests, except in two pa- 
tients with aortic stenosis and in one with advanced coronary lesions. 
In the two patients with aortic stenosis there was no compensatory 
shortening of the circulation time during the anoxemic period. 

5. Untoward effects were observed in two patients with healed ui- 
farets of the heart. Both recovered prompt^- The bearing of these 
experiences on the danger of aeroiDlane flights for persons with disease 
of the coronary arteries was discussed. 

6. Oxygen want is an important, and apparently the determining 
factor in the causation of cardiac pain. It is most effective when the 
coronary blood flow is reduced. Ischemia and anoxemia complement 
each other as pain-inducing agents in the heart. Other variable cir- 
cumstances are also concerned. 

7. The induction of systemic oxj'^gen want may prove to be useful 
as a test for coronary insufficiency ; it is not recommended for general 
use at this time. 
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THE BBIEDIATE EFFECT OF MERCUEIAL DIURETICS ON 
THE ■\HTAL CAPACITY OF THE LUNOS^ 

John B. Alse\ter, M.D., Syracuse, N. Y., antd Saaidel A. Levine, M. D., 

Boston, ]i\lAss. 

I T IS the purpose of tliis paper to present some definite evidence con- 
cerning the value of diuretics in improving the respiratory function 
in patients -^vith, heart failure. There have been but few published com- 
munications concerning the direct and immediate effects of diuretics on 
dj’-spnea, although many authors comment on their value.^* ^ It is 
generally known that the more powerful diimetics like mercupurin and 
saljn’gan are of great help in the presence of congestive failure Yuth 
peripheral edema, but such improvement in breatiiing as results from 
their use might be ascribed to the prolonged rest in bed, digitalis, and 
other therapeutic measures. It is obvious that the disappearance of 
edema results directly from the diuretic drug. To appraise the effect of 
a diuretic on the factor of dyspnea alone it would be preferable to study 
its effect in cases with no peripheral pitting edema. Harrison^ and 
Friedman, Resnik, Calhoun, and Harrisom have reported a few observa- 
tions that bear directly on this problem, 

A small group of cardiac patients was selected, suff’ering from breath- 
lessness, in whom there was no evidence of peripheral edema or in whom 
the edema was only moderate in degree. In most instances the diuretic 
used was 1 or 2 c.c. of mercupurin given intravenouslj*. In a few cases 
a similar amount of salyrgan or a mercupurin suppositoiw was given. 
All the patients were imder bed care in the hospital, had been digitalized, 
and generally were taldng ammonium chloride. The specific effect of 
the diuresis on the respiratory mechanism was judged by measuring the 
mtal capacity of the lungs just before the diiu’etic was injected and 
repeating this observation Uventy-four hours later. Subjective changes 
in the degree of dyspnea were also estimated, and changes in the physical 
findings in the lungs, such as the presence or absence of rales, were 
noted. The most reliable measure of improvement in breathing has been 
found to be the vital capacity of the lungs. This objective figure 
eliminates the error that might otherwise result in estimating a subjec- 
tive sensation such as respiratory distress. 

Table I records the results obtained on 19 observations in nine pa- 
tients. In aR instances there was obvious dyspnea or evidence of pulmo- 
nary congestion, or both. In every case, twenty-four hours after the 
diuretic was given, definite unprovement in the respiratory function 

♦Prom the medical sendee of the Peter Bent Brig-ham Hospital, Boston. 
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toolc place. TJn.s was apparent from the subjective amelioration of the 
breathlessness and the chaTiges on jdiy.sical examination of the lungs. 
The degree of moisture at the base.s of the lungs diminished, as evidenced 
by the absence of rfilcs, the amount of dullness, oj- the character of the 
breath sounds. IMoro convincing than the subjective improvement in 
breathing, which the patients themselves often noticed, was the increase 
in the vital capacity of tlic lungs. There were ciglit patients in wlioin 
12 readings were made before and after a diurasis. Tiie average increase 
in vital capacity was 290 c.c. The .smallest increase was 12;') c.c,, and 
the ku'gest was GOO c.c. Thei'c wore other occasions where a diuretic was 
given when the vital cajjacity was not measured, but when improvement 
in the brealhle.ssness and in the physical tinding.s in the ]ung.s attested 
to the beneficial effects of tlie drug. Tlie diuretic effect of the injeclion.s 
was manifested by the prompt and deeidi'd inerea.sc; in the urinaiy out- 
put and tlie loss of weiglit which look place during the twenty-four-liour 
period. The minimum output was 2,].o0 o.c., tlie maximum output 
G,585 e.e,, and the average was 0,.319 c.c. 

Although this gronj) is small, case.s W(!re jiarticuhnrly chosen that did 
not have massive edema; in fact, most of them had only sliglit or mod- 
erate edema. Of o.speeial imjiortanee were those that .showed no obvious 
peripheral pitting. It is iu this latter group, which ])re.sent.s the picture 
of dyspnea without any pei’ipheral edema, tliat phy.sicians liave fre- 
rpiently neglected to use diuretics. We liave even seen instances in which 
tliG ph3'.sieian resented the suggestion tiiat a diuretic he u.sed because 
there was no obvious edema. The.se observations illu.strate tiie beneficial 
result that may he obtained from diuretics on the di.stro.ssing s.vmptom 
of hreathlessnc-ss entirely aiiail from the well-known effect on edema. 

It may be of some interest to disemss the meehani.sm hj* which improve- 
ment in re.spiration may take place following a diuresis. Drinker, Pea- 
bod}', and Blumgart'' sliowed that tJie artificial jiroduetion of pulmonary 
eonge.s-tion in cats can.sed dy.spnea and increased the volume of blood in 
the lungs. Tliis is quite comparable to what occui'S in congestive failure. 
Fuidhermore, Parker and Wc*i.s.s* have showm that the capillaries of tiie 
lungs in cases of mitral stenosi.s are inarkedlj' dilated so that red blood cells 
within the center of the stream have little opportunil.v to absorb oxygen 
from the alveoli, whereas in tlie normal lung I'cd cells pa.ss in .single 
rows, being directly exposed to the alveolar epithelium. Tliey also 
showed that there was considerable pericapillaiy edema in tlie.se cases. 
Finally, there is adequate evidence to show that the total blood volume 
is increased in 116311; failure and that part of this increase is accounted 
for by pa.ssive congestion in the lungs. In this connection it has recently 
been shoivn by Evans and Gibson® in edematous dogs that a diuresis is 
accompanied by a sharp decrease in blood volume. From all this it fol- 
lows that if a diuretic extracts fluid from the engorged capiParj' bed of 
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the lungs, both the amount of the remaining air spaces will increase and 
the capacity for oxygenation of the blood vnll improve. 

SUMMARY 

In a group of nine patients wdth congestive heart failure in whom 
breathlessness was an outstanding symptom, the immediate effect of a 
mercury diuretic on the respiratory mechanism was studied. It was 
found that the average increase in the wtal capacity of the lungs twenty- 
four hours after the injection w^as 290 c.c. This was accompanied by a 
prompt improvement in the subjective sjunptom of respiratory distress 
and a decrease in the signs of pulmonaiy congestion. 

It is emphasized that the mercury diuretics have a decidedly bene- 
ficial effect in cardiac patients with dj’-spnea, even in those eases in which 
there is no peripheral pitting edema. 

REFERENCES 

1. Fishberg, A. M.: Heart Failure, 1937, Lea & Febiger, p, 699. 

2. Levin, Louis: Cardiac Dj'^spnoea, Its Early Treatment with Mercurial Diuretics, 

J. M. Soc. New Jersey 79: 921, 1926. 

3. Dixson, J. M. : Salj'rgan — Its Long Continued Use in Cardiac Insufficiency with 

Latent Edema, New England J. Med. 210: 800, 1934. 

4. Harrison, T. E.: Failure of the Circulation, Baltimore, 1935, Williams & Wilkins 

Company, pp. 295, 296, and 303. 

5. Friedman, B., Resnik, H., Jr., Calhoim, J. A., and Harrison, T. R.: Effect of 

Diuretics on Cardiac Output of Patients with Congestive Failure, Arch. Int. 
Med. 56: 341, 1935. 

6. Drinker, C. K., Peabody, F. W., and Blumgart, H. L. : The Effect of Pulmonary 

Congestion on the Ventilation of the Lungs, J. Exper. Med. 35: 77, 1921. 

7. Weiss, Soma, and Parker, Fred, Jr.: The Nature and Significance of the Struc- 

tural Changes in the Lungs in Mitral Stenosis, Am. J. of Path. 12: 573, 1936. 
S. Gibson, J. G., Jr., and Evans, W. A., Jr.: Blood Volume in Diuresis; Study 
Employing Colloidal Blue Dye T-1824 in Dogs Rendered Edematous by 
Plasmaphoresis, Am. J. Physiol. 118: 251, 1937. 



ELEOTROCARDIOGKAPHIC iDVNJPESTATIONE AND THE 
CARDIAC EFFECT OF DRUGS IN VITA:MIN 
Bi DEFICIENCY IN RATS"' 


Soma Weiss, M.D., Feokexce W. Hayxes, J^h.D., 
AND Paul M. Eoll, SI.D. 

Boston, SI ass. 


I N 1930 Drurj’, Harris, and Slmid.sicy^ observed a slowin" of tJie 
heart rate in rats fed on diels defieient in vitamin Bi- This brady- 
cardia vas specific for vitamin Bj and has since been used a.s a te.st 
for tJie estimation of the vitamin Bi content in various Hubstance.s.“-“ 
Pigeons fed on polished rice also show a bradycardia and in some 
cases heart bloclc."*'" No definite changes in the electrocardiographic 
complexes in deficient animals have been noted by Drury, Harils, and 
Maudsley^ or by Carter and Drury.-' Mehes and Pefei-* observed slight 
changes in the electrocardiograms of rice-fed pigeons; i.e,, the P-E 
interval was slightly increased and the S- and T-waves were hnver 
than in normal birds. 

In human beriberi patients electrocardiographic clianges of varying 
extent have been reported 1)3’- a number of ob.servers.®’’" In a di.seus- 
sion of the literature FeiP"* .states that in approximatel 3 ' one-third of 
the eases with “beriberi heart’’ “low voltage, notching of tlie QES 
in all lead.s, high T-wave.s, changing sign of T with recoveiy, and 
changes in the P-R interval (variable) were present.’’ In view of the 
frequent abnormalitie.s, such as T-wave changes, tach 3 'cardia and pro- 
longed Q-T interval, recentH ob.served ly Weiss and Wilkins^''- in 
patients with nutritional deficienc}*, it was decided to undertake elec- 
troeardiographie studies on rats kept on an artificial diet deficient in 
^dtamin Bi, in an attempt to obtain further evidence as to the effects 
of vitamin Bi deficienc 3 ' on the heart and tlie nature of the cliange.s 
produced. 


METHOD 


The following control diet was used : 


iloditied O.sborne and Mendel salt ini-xture’" 
Corn.starch (Uuryea) 

Butter fat 
Washed casein 

Dry baker’s j-east (Fleischmann’.s unirradialed) 
Vitamins A and D were supplied by three drops 
oil dail}'. 


.J.5 per cent 

55.0 per cent 
8.5 per cent 

18.0 per cent 

15.0 per cent 
of cod liver 


*Th!s Inve.stigation was aided by a srrant from the Josiab Macr. Jr. Foundation. 

the Thorndike Memorial 1-abor.atory, Second and Fourth ifedlwil Ser\dce,= 
city Ho.spita), anti the Department of Medicine, Han.'ard Sfcdicai 


20G 
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Buttei’ was washed with warm water and centrifuged as described by Bliss and 
Green A 8 At first, commercial casein was shaken for several hours with 60 per cent 
alcohol, washed thoroughly with more alcohol and the process was I'cpeated on a sec- 
ond day. Laterj washed casein’' was used after it had been rewashed somewhat 
less thoroughly with 60 per cent alcohol. Control rats were kept in good condition 
for many weeks on this diet. 

Eats deficient in vitamin B, were kept on the same diet, ■nnth the exception that 
the yeast was autoclaved in the j)reseuce of base to remove vitamin B,. Originally, 
100 grams of yeast were mixed with enough 0.1 N sodium hydroxide to make a 
smooth paste (about 125 e.e.) and autoclaved for one hour at a pressure of 20 
pounds, in a pan large enough so that the yeast was less than half an ineli thick. 
After autoclaving', an equal amount of 0.1 N hydrochloric acid was added to the 
yeast, which was tlien dried under a fan and ground to a fine powder. After using 
this yeast for eight weeks it was obvious that the diet contained some B,. Ac- 
cordingly, the yeast was treated with 1 N sodium hydroxide (pH 8.5 to 9.0) and 
autoclaved for .six hours at a pres.sure of 15 pounds. Since some of the symjjtoms 
produced , by this diet suggested that considerable B, was also destroyed, rats were 
later kept on a diet containing yeast which had been treated with 0.1 N sodium 
hj’droxide and autoclaved (15 pounds pressure) for six hours at pH 7. 

The bod}’ weight, food intake and electrocardiograms were studied on four con- 
trol and three fasting rats, as well as on 22 rats deficient in vitamin B, whose initial 
weights varied from 70 to 178 grains. In order to ascertain the influence of mus- 
cular exercise, four of Ihe vitamin-deficient animals ivere kept in revolving wheels. 
All activity could be recorded automatically by a counting device. After about a 
week the rats learned to run on these wheels and could at times go more than a mile 
a day. 

Eats were allowed to become deficient and then were given subcutaneous injec- 
tions of aqueous solutions of sjmthetic crystalline vitamin B, (Merck). t In all ex- 
cept a few cases solutions of \dtamin B, Averc freshly prepared. Each rat aa'us made 
deficient and cured several times in this fashion. The doses of vitamin B, given 
u’ere estimated on the basis of the obsei'vation’!> that 0.0025 to 0.005 mg. per day is 
required to promote growth to maximum weight in rats. 

Electi'ocardiograms Avere taken on the unanesthetized rats at intei'A’als of fi'om 
one to a few days throughout the study. During the taking of the electrocardio- 
grams the rat Avas placed on its back on a boai'd to which its feet AA’ere tied. Elec- 
trodeiB consisting of several strands of copper AA'ire Avere dipped in electrode paste 
and Avound about the legs. If the fur was rubbed Avith a moist cloth, sufficiently 
loAV skin resistance could be obtained. The three standard leads were used and in all 
records the string was standardized. Most of the records were taken on paper 
running at a speed of 50 mm. per second, but in a few Ave used a speed of 100 mm. 
per second. 

In order to throAV light on the mechanism by AA’hich changes due to vitamin B, 
deficiency are brought about, as aa'cII as on the sensitiA’ity of the heart in B, 
deficiency, obserAmtions were made on the elfects of epinephrine, atropine, or 
strophanthin on normal and on vitamin-deficient animals. Electrocardiograms were 
taken at frequent intervals for one to two hours after the administration of the 
drug, in three of the vitamin-deficient animals the effect of section of the A’agi was 
studied. 

* Obtained from A. H. Thomas Co. 

tWe wish to express our thanks to Merck Co., Inc., Rahway, R. J., for then 
courtesy in supplying' us with cr.A’stalline A’itamin Bj. 
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RK-j'UI-'rr, 

JIcnrt Hdtc. — KnlH, kept on a diet conlainiiiK yeast vdiieh v/as aufo- 
c]a%’cd for six hours at pll 6 to D, began to Jose their appetites and 
failed to gain weiglit in about 10 days. As is seen in Kig. 1, in a 
typical ea.so the heart rate fell gradually in four or five u'eelis from 
about 500 to 350 or 400 beats per rninule, Ju control rats, after the 
first fe\v detenninaf ions the beart rate remained praetienlly constant 
from week to iveek at apjirovjmatelv 500. A'itamin-defieicmf rats 



FiK. 1. — Effect of vitamin Ji: <lc-aclcncj- anJ the injection of cryfitailine vitamin Bi 
on the lic.art rale, boUj' v/eit;lil, ex».rci-e, an'i focal intake of a rat. 

could u.sualh' be cured by cry.stalline Bi if the rate had not fallen 
beloiv a level of 350 to 300. When the rats became moribund the rate 
fell abruptly to from 100 to 200. Brury, IJand.s, and yfaudsley^ have 
shown by restricting the food of control animals that the gradual fall 
in rate to 300 is not due to Jo.ss of weight and inanition. We took 
recoi’ds on three fasting rats, previously not deficient, in which the 
rate remained for from three to ten day.s at about 500 until the day 
before death, when it fell sharply to from 100 to 200. As pret'ionsly 
observed,^ the rale in vitamin-deficient rats can be raised to practically 
normal ivithin a few hours with sufficiently large doses of A’itamin Bj, 
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in spite of tile fact tliat food is witlilield during this period. Figure 1 
sho'ws a case lu '^rhich the rate rose from 341 to 454 five hours after 
Yitamiu Bi, although no food u^as given. The dose of vitamin admin- 
istered and the severity of the deficiency determined the number of 
days before the rate fell again to a dangerous level. Bats can be kept 



Fig:. 2. — Electrocardiograms on a rat fed a diet deficient in vitamin Bi, before 
and after the injection of crj'stalline vitamin Bi. The time lines are 1/25 second 
apart. Note the increase in height of the T-waves on Sept. 1, 1936 and the decrease 
in height after the administration of vitamin Bi. 

in an apparent!}' normal state for long periods on a diet deficient in 
vitamin Bi if sufficient crystalline vitamin Bi is injected. 

ElectrocarddograpMc Complexes. — ^Drury, Harris, and j\Iaudsley^ did 
not demonstrate any definite change in the sme or the dit-ection of the 
complexes of their electrocardiograms. Since their records were not 
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standardized an analysis and comparison of the comphixas v/as not 
feasible. All bnt four or five t»f our .scries of 22 vilamin-dcfieient rats 
showed (piitc definite changes in the conijdexeK, cHiJoeiaily tin; T-waves, 
acconipanjdng the decrense in heart rate. ,In the normai rat electro- 
cardiogram the main deflection as well as the T-waves am upright in 



rig. S.-— WoctrocaivliocnimK on n rtit fo.I a <U»t In vitamin Ki. neffire nn;! 

after the injection of eryn Oil line viteinln }i,. Tiie time linr-i are 1/Z~, reconO op'srl- 
^ote the increased height and tiie lilRii orly-in of tie- T-v,-,aveH on Octoher 13. Five 
"'I'.ir? after the odmlnl.stn‘.tlon of vitamin B: the T-wavea imd hecome loner and 
vothin tv/enty-four hours were inverted. 


all lead.s. Lead I i.s usually flat, with very suian. deflections. In our 
series the main deflection varied hetween 2 an<i 8 min. in normal rats, 
but as the rats became deficient this gradually increased to from 8 to 
16, This did not change to any great e.xtent after vitamin I3i v/as 
injected. Tlie height of To and % normally varied between 0.5 and 
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2.5 mm. On eiglit occasions when rats became deficient (witb rates 
between 310 and 410) the T-waves, especially To and %, became Tery 
high, and on five out of the eight the origin of the T was elevated 
(Figs. 2, 3. and 4). In the case represented in Fig. 2 the high T- waves 
disappeaied the day after 0.025 mg. of wtamin Bi was injected, as the 



Eig-. 4. — Electrocardiograms on a rat ted a diet deficient in vitamin Bi, before 
and after the injection of ciTstalline vitamin Bi. The time lines are 1/50 second 
apart. Note the increased height and tlie high origin of the T--u*aves on June 12. 
Six hours after the administration of vitamin Bi the T-\vaves were again practically 
normal. , 

rate increased from 354 to 498. In the case shown in Fig. 3, food 
was withheld for five hours after vitamin Bi was injected. At this 
time the T-waves were much lower and the rate had risen from 375 
to 417. Food was then given. Eleven hours later the T-waves were 
inverted and the rate was 484. Three days later the T-waves had again 
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become upright and normal in si;5e. In anotlier rat, with similar defi- 
ciency and a rate of 311, the T-waves became diphasic six hours after 
vitamin Bi but without food, aiul the rate rose to 454. The next day, 
after food had been given, 'I’-waves i-eniained the same but three days 
later they were upright and of normal size. Similar ternporaiy dis- 
turbances in the T-waves have been observed after the administration 
of vitamin Bi and food to vilamin-deficient patients. 

In all but two or tbree inslanees the.sc higb-T-waves were seen the 
first time the rats became deficient and did Tiot appear .subseriuently 
when they were allowed to become deficient with equally low rates. 



Fifr. 5. — Elcotroc.'mliosrnm.'j on ;t rat fctl a diift dc-adent Jn vlt-nmin Ej, before awl 
after the injection of crj-.stalllne vitamin Bi. The time lines are 1/25 .«econd pan- 
Xote the chanffo.s in the T-wive on .September 1 anti its return to normal on fac-P' 
teniber 2. 

In many later deficiencies, and in four or more rats the first time they 
became severely deficient, the To and Tg became flat or inverted, often 
with depi-ession of the S-T segment (at rates of from 300 to 430). 
They usually became upright after vitamin Bi was given, as is shown 
in Figs. 5 and G, The rat represented by Fig. 5 became deficient four 
successive times with similar changes each time. Occasionally the T 
became upright while the rate was still low and before vitamin was 
given, or remained flat when the rate ivas increased by the injection 
of vitamin Bi. In the latter instances, however, the doses of vitamin 
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may not have been large enough to cause prompt changes in the elec- 
trocardiogram. In one ease Tg changed from upright to flat with low 
origin after vitamin Bi was injected. At certain times rats showed 
no T-wave changes, although their heart rates feU to the same low 
levels which had previously accompanied T-wave changes. 



Eigr. ,6. — Electrocardiograms on a rat fed a diet deficient in vitamin Bi, before and 
after the injection of crystalline vitamin Bi. The time lines are 1/50 second apart. 
Note the changes in the T-wave and the depression, of Uie S-T segment on August IJ 
and the normal complexes after vitamin Bj was given. 

P-R, QBS, and Q-T Intervals.— Owv observations confirm those of 
Drury, Harris, and Maudsley^ in indicating that although the heart 
rate falls considerably there is usually no definite change in the P-R 
or the QRS interval. The speed of the heart rate as well as the pres- 
ence of somatic tremor often made the records difficult to measure 
aeciu’ately. The P-R interval was lengthened at low rates before death, 
but in all except four or five cases this set in suddenly and was prob- 
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ably to be ascribed to the raoi-ibimd condition of the animal. Previous 
•workers’^ found that the P-wave disappeared at rates somewhat below 
350. In only two of our animals did this wave become so low as to 
be questionable, other rats often shoiving rates below 350 with definite 
P-waves. The Q-T interval usually increased as the rats became 
markedly deficient. The ratio of the Q-T interval to the square root 
of the E-B interval (K) did not increase as the rate fell and was often 
somewhat decreased as the rate reached a level of about 400. In fast- 
ing rats K increased as the rats became moribund. In many curves 
the Q-T interval could not be measured in deficient rats because the 
T-wave did not rise above the isoelectric line. 

Exercise . — Only one of the four exercising rats became deficient 
sooner or showed more marked cardiac changes than the other rats. 
This may be explained by the fact that they were not forced to exer- 
cise and as the 3 ’- became deficient the activity decreased markedly. 
Cowgill, Eosenberg, and EogoflP® have shown that dogs which are 
forced to exercise develop the anorexia characteristic of vitamin lack 
faster than other dogs. This would be expected since it has been 
shoivn that the vitamin B requirement per unit of tissue mass is pro- 
portional to the metabolism of the mass. Pigui*e 1 illustrates the 
decrease in activity before and the increase after giving vitamin Bi 
to a deficient rat. In some eases the deficiencj' was even more marked. 

Epinephrine . — ^Epinephrine hydrochloride (Lederle) in subcutaneous 
doses of 0.1 and 0.5 c.e. of 1:10,000 solution per 100 grams of body 
weight did not consistently affect the heart rate in four controls or 
five vitamin-deficient rats. In two of the three vitamin-deficient rats 
receiving 0.5 c.c. the T-waves became somewhat higher in from ten 
to thirty minutes after epinephrine. The third rat had high T-waves 
before injection and no change was seen. Sixty to ninety minutes 
after injection several of the ritamin-deficient rats .showed irregu- 
larities in rlndhm not usuallj’- seen in the normal rat. 

Atropine and Yagus Section . — ^Atropine and vagus section had little 
effect on the rate. Atropine sulfate, administered subcutaneousty in 
doses of 2 to 10 mg. per 100 grams of bodj' weight, produced marked 
symptoms in each of the six controls and five vitamin-deficient rats 
tested. There was little if anj' effect on the rate or the complexes in 
any of the rats. Two vitamin-deficient rats with fiat T-waves and one 
with high T-waves were given 2 mg. of atropine, but no changes in 
the complexes were observed. Section of the vagi under local anes- 
thesia was carried out on three vitamin-deficient rats. One rat showed 
a slight increase in rate and another showed longer P-E and Q-T in- 
tervals and lower T-waves after vagus section. 

Strophanthin . — The action of .strophanthin (Merck) was tested some- 
what more exten.sively in order to determine whether the hearts of 
vitamin-deficient rats were more .sensitive to a “digitalis body’^ than 



WEISS ET ^VL. : 


HEART IX EXPERDIEXT^iE VIT^UIIX DEPICIEXCY 215 


those of controls. It is known that rats are resistant to the action 
of digitalis substances. The subcutaneous doses used were 0.5 and 1 
mg. per 100 grams of body weight, the fatal dose for a normal rat 
being about 2 mg. per 100 grams. Of five control rats given 0.5 mg., 
three showed a definite decrease in heart rate and the other two slight 
decreases. Of seven Autamiu-deficieiit rats given the same dose, only 
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two showed some slight fall in rate. The P-E. interval was increased 
in two controls and two vitamin-deficient rats. The difference between 
the two groups was seen in the changes in the T-waves. Of the con- 
trols recehnng 0.5 mg. per 100 grams, only one or two had slightly 
Towered T-waves in Lead 11, and three conti-ols given even larger 
doses (1 mg.) showed no T-wave changes. Figure 7 presents the 
records of a typical experiment on a control rat in which the T-waves 
were not definitely altered. Of the vitamin-deficient rats, however, 
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four showed a depression of the S-T segment or an inversion of the 
T-wavc. In the experiment represented by Fig. 8, T.^ and T. were 
inverted thirty -five minutes after injection of sti'ophanthin, but gradu- 
ally returned to upright in the next hour and a half. Figure 9 is the 
record of another vitamin-deficient I'at witli a slightly lower initial 
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heart rate (390). In this case T 2 and T.-; became inverted, with pro- 
gresshmly loAver origin, during a period of two hours after the mjee- 
tion. Two of the vitamin-deficient rats died after one-fourth the fatal 
dose for normal rats. One of these I’ats .showed high T-waves after 
strophanthin. 

This work is in agreement with previous observations,-^ indicating 
that the hearts of pigeons fed on polished rice are more sensitive to 
the effects of strophanthin than those of normal birds, jffehe.s and 
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Peter^ also found a more marked vagal effect after digitoxin in pigeons 
Avitli beriberi tlian in normals. 

DISCUSSION 

As Drufr, Harris, and jMaudsler liaA'e pointed out, the speed %vitb 
Tvliieli the rat’s heart recovers after the administration of vitamin Bj 



is so great as to rule out an organic degenerative process. If, then, 
^ve assume the changes which we have observed to be functional, at 
least before the deficiency has been very prolonged, they must be 
explained on the basis of nervous or chemical (hormonal or metabolic) 
factors, alone or in combination. The bi’adyeardia and heart-block 
produced in pigeons by feeding them polished rice have been definitely 
attributed to vagal influence. Carter and Drury'^ conclude that the 
heart is probably not hypei’sensitive but that block is the result of 
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overaction of tiie vagal coitei-s. In rats tlie cardiac effects of vitamin 
Bi deficiency are apparentlj’- not of vagus origin. In ihan we liave 
demonstrated that the cardiac changes observed in vitamin Bi defi- 
ciency depend in jjart on myocardial changes, and in part on changes 
in the vagus sj^stem.’'^- Hyi^ertropliy of the suprarenal gland ob- 
served in rats and pigeons witli vitamin Bj. deficiency^^- has been 
mentioned^ as bearing on the cai-diac effects of the deficiency, but no 
definite relationship has been found and the issue is confused by the 
effects of inanition."'* 

Considerable emphasis has been laid on the metabolic effects of 
vitamin Bi deficiencAL A number of abnormalities of the carbohydrate 
metabolism have been reported, including the lowering of the respi- 
ratory quotient"'”' and the increase in the glycogen content of the 
liver"® in polyneuritic pigeons, the accumulation of lactic acid in the 
blood of rats" as well as in the muscle, liver, and heart, and the 
aceumidation of pjTuvic acid in the blood of pigeons and rats.^® 
Birch and Harris" have pointed out that the defect in lactic acid 
metabolism is a consistent feature of vitamin Bi deficiency in various 
tissues and is present in various species. Inawashiro and Hayasaka^ 
concluded that lack of vitamin B leads to a disturbance in the re- 
synthesis of glycogen from lactic acid, Tlie removal of lactic acid is 
also accelerated by vitamin B. Pi’om such evidence Birch and Harris® 
suggested that the physiological role of vitamin Bi is to intervene, 
in a capacity corresponding with that of coenz\Tne, at some stage in 
carbohydrate metabolism involving the formation and oxidation of 
lactic acid. They stated that from what is known of the influence of 
lactic acid on heart rhythm it is to be expected that an excess will 
diminish the rate of beat in vivo as it does in isolated preparations. 
Their attempts to influence the rate by the administration of large 
doses of calcium lactate, however, have been unsuccessful. 

More recently Birch and Mapson®® have suggested that the brady- 
cardia in rats and possibly also the disturbed carbohj^drate metabolism 
are due to the accumulation of adenylic acid through failure to con- 
vert it into innocuous products.®* The I'elation of lactic, pyruvic, and 
adenylic acids to the eai’diac effects of vitamin B, deficiency in rats mU 
be discussed in a subsequent communication. 

.SUArJIARY 

1, An analysis has been made of the cardiac rate, electrocardio- 
graphic complexes, and the respon.se to drugs of rats in the nondeficient 
state and in repeatedly induced vitamin Bi deficiency. 

2. The heart rate of rats on a diet deficient in vitamin Bi f eU gradu- 
ally to a level of from 350 to 300 beats per minute, from which it could 
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usually be returned to approximately the normal level (450 to 500) 
within a few hours by adequate doses of ciystalline vitamin Bi, even 
if food was witlilield. 

3. In all but four or five of the 22 vitamin-deficient rats studied, 
the decrease in heart rate was accompanied bj’" changes in the elec- 
trocardiographic complexes, consisting most frequently of an increase 
in height, flattening, inversion, or high or low take-off of the T-waves 
and depression of the S-T segment. With the doses of vitamin Bi used 
the T-waves usuall 3 ’' retuimed to normal within from several hours to 
a dajq although occasionally several days were requu’ed. The changes 
in the electrocardiographic complexes had no close relation to the level 
of the heart rate, and were not identical in the same animals on suc- 
cessive deficiencies. 

4. With the exception of veiy low cardiac rates the P-R interval 
remained essentiallj'' unchanged. The ratio of the Q-T interval to the 
square root of the K-R interval (K) usuall}’- did not increase as the 
cardiac rate decreased. 

5. Onlj’ one of four rats which were allowed to exercise on running 
wheels became deficient sooner than other vitamin-deficient animals. 
In none of the four exercising rats were the cardiac changes more 
marked or of different character than those found in the control 
vitamin-deficient rats. 

6. The cardiac responses of normal and vitamin-deficient rats to 
epinephrine were essentially the same. Occasional irregularities were 
observed in the vitamin-deficient animals. 

7. Atropine and section of the vagus nerves did not abolish the car- 
diac slowing or the electrocardiographic changes produced bj^ Adtamin 
Bi deficiency, 

. 8. The vitamin-deficient rats were more sensitive to the toxic effects 
of subcutaneous doses of strophanthin, and depression of the S-T or 
im'-ersion of the T-waA'^e supervened with doses which caused no change 
in normal rats. 
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EXTRA SOUNDS OCCURRINC4 IN CARDIAC SYSTOLE^- 

Pranklix D. Johxstox, M.D. 

Axx Arbor. j\Iich. 

■ Touring tlie last five years we have seen a number of patients wlio 
liave displayed on ansciiltation a distinct sound occurring in car- 
diac sj'stole. Tl]e cliaracter of this sound varied somewliat, but in 
most instances it was of .sneli short duration that it could best be 
described as a click. The extra sound frequently gave rise to a gallop 
rhythm, which, in a few eases, had been confused with the more com- 
mon type of gallop where the third sound occurs in diastole. Although 
few reports regardiiig systolic gallop rhythm are to be found in the 
literature, iMacIeod, Wilson, and Barker,^ ^Volferth and l\Iargolies-’ ^ 
and White"* have briefly discussed the condition and have agreed that 
its ])resence has no unfavorable prognostic significance. Gallavardin,-’’ 
Lian and Deparis** and a few other workers in Europe have reported 
a number of cases with clicking sounds in systole. On the basis of 
three autopsied eases wliere pleuropericardial adhesions were found 
these observers-'’’ ® believe that tlie clicks may arise from the presence 
of delicate strands joining pericardium and pleura, Thompson and 
Levine' have recently i^ublished a clinical study of 35 patients dis- 
plajing, systolic gallop rhythm. They pointed out that the condition 
is not rare since it occurred in 16 per cent of all patients with gallop 
rhythm encountered over a period of eleven years. They emphasized 
further that organic heart disease is usually absent in these patients 
and that systolic gallop rhythm does not indicate a bad prognosis. 
It is the purpose of tiiis paper to present a study of 21 cases of 
s^'stolic gallop rh;\i"hm studied by means of sound tracings. 

3IETHODS 

In addition to clinical examination of the heart, standard electro- 
cardiograms and x-ray studies of the heart and lungs were made 
■^'henever such examinations were j^ossible. All patients were examined 
by a member of the heart station staff and the diagnosis of systolic 
gallop rhythm was made or confirmed b}’’ auscultation before sound 
tracings were taken. 

Two Einthoven string galvanometers arranged in tandem were em- 
ployed to record an electrocardiogram, usually standard Lead I, 
simultaneously wdth the sound tracing. A condenser microphone ar- 
ranged in the manner descri1)ed in a recent communication from this 

‘From the Department of Internal iMeclicine, University of Xlichig-an Medical School. 

This study -was assisted by a grant to Dr. Frank K. "Wilson from the Horace H. 
Hackham School of Graduate Studies. 
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EXTRA SOUNDS OCCURRING IN CARDIAC SYSTOLE* 

Pbaxklik D. Johnston, i\LD. 

Ann Arbor, Mich. 

T^UEING the last five rears ive liaA'e seen a iiiiniber of patients who 
hare displayed on auscultation a distinct sound oecurriug’ in car- 
diac systole. The character of this sound varied somewhat, but in 
most instances it rms of such short duration that it could best be 
described as a click. The extra sound frecpiently gave rise to a gallop 
rhythm, which, in a fcAr eases, had been confused with the more com- 
mon type of gallop where the third sound occurs in diastole. Although 
feir reports regarding systolic gallop rhythm are to be found in the 
literature, i\Iac]eod, Wilson, and Barker,^ Wolferth and Margolies”- ^ 
and White'* hare briefly discussed the condition and have agreed that 
its presence has no unfavorable prognostic significance. Gallavardin,-’’ 
Lian and Deparis** and a few other Avorkers in Europe haA^e reported 
a number of cases Avith clicking sounds in SA'stole. On the basis of 
three autopsied cases Avhere pleuropericardial adhesions Avere found 
these obserA'er.s^’ ° believe that the clicks may arise from the presence 
of delicate strands .-joining pericardium and pleura, Thompson and 
LeA'ine” haA^e recently publi.shed a clinical study of 35 patients dis- 
playing systolic gallop rhythm. Thej’’ pointed out that the condition 
is not rare since it occurred in 16 per cent of all patients Avitli gallop 
rhythm encountered over a period of eleven years. Tliey emphasized 
further that organic heart disease is usuall.y absent in these patients 
and that s.A'stolie gallop rliythm does not indicate a bad prognosis. 
It is the purpose of this paper to iiresent a study of 21 cases of 
systolic gallop rhythm studied by means of sound tracings. 

METHODS 

In addition to clinical examination of the heart, standard electro- 
cardiograms and x-ra.Y studies of the heart and lungs Avere made 
AAdieneA'er such examinations were possible. All patients Avere examined 
by a member of the heart station staff and the diagnosis of systolic 
gallop rhythm Avas made or confirmed by auscultation before sound 
tracings Avere taken. 

Tavo Einthoven string galvanometers arranged in tandem Avere em- 
ployed to record an electrocardiogram, usually standard Lead I, 
simultaneously AAuth the sound tracing. A condenser microphone ar- 
ranged in the manner described in a recent communication from this 

‘From the Department of Internal Medicine, University of Michig-an Medical School. 

This study was assisted by a grant to Dr. Frank N. AAalson from the Horace H. 
Rackhani School of Graduate Studies. 
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laboratory-** was used to take about oiie-tliird of tlie j-ccords presented 
in this series. A eiystal vibi-a1ion pickup** workiiif' into a two slage 
ainplifier was emplo^'^cd for the rcmaindei’. 

Graphic reeoi’ds of the lieart sounds furnisli objee.live i)roof that the 
extra sounds in cpiestion oecnirred in systole. Fnrtlier infonnation can 
be gained by measuring the time intervals separating the peak of the 
R-wave of the electrocardiogram from the onset of tlie heart sounds 
and from the beginning of the extra .sound. The measnrennMils given 
in the article were made with the Lucas comparator. At least ff»ur 
cycles were measured in each instance. 


iM:.sriAr.s 

Table I gives in condensed form certain clinical data pertaining to 
the patients studied. The cases have been arranged accoi-ding to the 
age of the patient, Avhich varied from five to seventy-one years. Half 
of the .sub.ieets were in the second oi‘ third decade of life and two- 
thirds were under thirty-five year.s of age. Fifteen of the 21 palient.s. 
nearly three-quarters, were women. The jircjmndcrance of women is 
probably accidental, since over one-lialf of the patients studied by 
Thom])son and Levine were males, 

A wide variety of clinical diagno.^es were made on the patients mak- 
ing up the group. Tlie most frequent diagnosis was ])sychoncurosis nr 
some form of functional nervous di.sturbance. This was present in .six 
patients erases .q, u, 10. iq, 14. and 10). Organic heart disease was 
found in four (Cases 2. 17, 20, and 21), but only the Inst tbree had 
cardiac enlargement or symptoms that indicated myocardial weahness. 
Arterial hypertension was jiresent in two cases *17 and 2T). Than and 
Deparis mention that pain over the heart was a frequent complaint 
of their patients with .systolic gallop rhythm, and suggest that jilenro- 
pericardial adhesions may explain the pain as well as tlie ahiiormal 
sound. Four of onr patients complained of precordial jiain f Cases 2. 
5, 14, and 16) hut three of the.se had psychonon roses which made the 
symptom difficult to evaluate, 

lu all of our patients the sy.stolie click was of maximal intensity at. 
or a short distance medial to, the cardiac apex, although in many of 
them it could be heard faiuth' at the base of the heart. The loudue.ss 
of the extra sound varied greall.v from patient to patient as will he 
seen by inspection of the curves .shown in Fig. 1. Of greater signifi- 
cance was the change in the loudness of the click in a given subject 
with respiration or shift of position. This variation, usually far greater 
than coincident changes in the loudness of the heart sounds, was never 

*The ciy.stal pickup conpist-s of a plab of ospeciully prepared Rochelle Palt crystal 
supported in a .suitable hou.sing so that vibrations from the chest wall arc transmitted 
to the crj'.stal. Voltages propcrtional to the frcquencv and magnitude of the nic- 
chanical vibrations appear on the faces of the crystal. These small differences of 
potential, amplified by vacuum tubes, may be rccordeil by tlie string galvanometer or 
otlier means. The crj'stal pickup used was designed .-I'nd built bv Mi-. G. Hewlett 
Davis. 
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absent when it was specifically looked for. Our clinical notes are 
incomplete in this respect, but in nine cases a relation between the 
loudness of the extra sound and respiration or jiosition was noted. In 
four patients (Cases 5, 9, 10, and 18) the click diminished or disap- 
peared entirely with deep insj)iration, while in two olhei's (Cases 3 
and 17) the sound was accentuated durinjr inspiration. In two in- 
stances (Cases 9 and 16) the extra sound disaj)peared when the patient 
sat up, while in two othej-s (Cases 14 and 17) it was loudest with the 
subject, erect. 

In addition to the changes in the loudness of the systolic click under 
different circinnstances it was possible occasionally to detect by aus- 
cultation that it .shifted its ])osition in .systole from cycle to cycle. 
This variation was exhibited to a high degree by Case 1 and is illtis- 
tvated in Fig. 2A where several heart cycles arc reproduced. This 
subject is discussed more fully in a later section of this artirde. 

It became clear early in the progress of this study that, while the 
systolic olicks were intimately associated with the motion of the heart, 
they were probably extraenrdiac in origin and it was hoped that x-ray 
studies of the heart and lungs might help to exjdain their pre.scncc. 
Such examinations were available in fifteen of tbe cases and the re.sults 
are included in Table I, Although nine patients had slight to moderate 
calcification of the peribronchial lymph nodes and one slight tenting 
of the left diaphragm, no clear-cut evidence of plcuro])cricardial adhe- 
sions was found. Elongation or tortuosity of the aorta or both were 
found in four subjects. Standard electrocardiograms were taken in 
thirteen of our cases. Six of these wej’C normal. One .showed com- 
plete A-V block (Case 17). The remainder showed iniscellaneous minor 
abnormalitie.s, which are li.sted in the last column of Table I. 

Referring to Pig. 1 we see that in five of the patients (Cases 1, 2, 
10, 15, and 16) the e.xtra sound was definitely in early .systole while 
in six others (Cases 5-8, 20, and 21) it was late systolic in time. The 
click occurred near!}' in midsy.stole in nine .subjects (Cases 3, 4, 9, 
11-14, 17, and 18). In one instance (Case 19) two clicks Avere con- 
stantly present, one in earlj’- and the other in late systole. In the 
majority of the records, from sixteen patients, the extra sound is 
represented by a series of vibrations lasting not more than 0.03 second. 
The click in the remaining five patients (Cases 4. 8, 9, 10, and 14) 
was more or less Avidely split into two components. In Ca.se 6 the 
click AA'as folloAved bj' a short .systolic murmur. 

If the clicks under consideration are extracardiac in origin they 
might be expected to sIioav a greater A'ariation in time Avith re.spect 
to a fixed point of the accompanying electrocardiogram than either 
the first or second heart sound. Since the exact onset of the fixAst 
sound is often uncertain, the measurements included in Table II com- 
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pare the interval between the peak of the R-wave and the beginning 
of the extra sound with the interval between the peak of the wave 
and the beginning of the second sound. To demonstrate the relative 



degree of variability between these two sets of meBSuvQJiiBiits the 
coefficient of variation (defined as the standard deviation divided by 
the arithmetic mean) has been determined for both sets of measure- 
ments. The cases are arranged in Table H according to the magnitude 
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Tault : TI , 


CASE 

NO. 

NUMBER 

OF 

COMPLEXES 

JIEASURED 

AVERAGE TI.XtE FROM 

STANDARD DEVIA- 
TION 

COEFFICIENT OF 
VARIATION 

PEAK R TO 

EXTRA 

SOUND 

SECOND 

PEAK R TO 

SECOND 

SOUND 

SECOND 


R-SEFOND 

R-X 

R-SECOND 

3. 

0 

0.129 

0.283 

0.031 

0.004 

0.242 

0.015 

2. 

4 

0.157 

0.377 

0.025 


0.162 

0.012 

17. 

6 

0.215 

0..399 

0.028 

0.017 

0.129 

0.043 

5. 

4 

0.198 

0.320 



0.081 

0.009 

11. 

4 

0.219 

0.342 

0.017 

0.004 

0.077 

0.011 

19. 

4 

0.17 G 


0.012 

■dr in 

0.069 

0.021 

9. 

S 

0.230 

0.352 

0.014 


0.058 

0.009 

0. 

10 

0.226 

0.335 

0.011 

0.003 

0.050 

0.009 

21. 

5 

0.264 


0.013 

0.001 


0.003 

12. 

7 


0.380 


HMtn 

0.045 

0.013 

16. 

6 

0.187 

0.297 

0.008 

BnEn 


0.011 

O 

8 

0.181 

0.341 

0.007 

0.004 

0.039 

0.012 

3 o , 

10 

0.176 

0.335 


0.008 

0.038 

0.024 

20. 

5 


0.343 

0.009 


0.036 

0.005 

18. 

S 

0.200 

0.313 


BnRT^I 

0.035 

0.013 

10. 

6 

0.156 

0.343 

0.005 

BuiTiiH 

0.033 

0.004 

13. 

8 


0.339 

0.006 

0.003 

0.028 

0.009 

8. 

4 



0.006 

0.001 

0.023 


4. 

7 

0.203 

0.353 

0.004 

0.003 

0.020 

HnpilH 

14. 

5 


0.293 

0.003 

■imuH 

0.018 


7. 

6 

0.304 

0.368 

0.004 


0.013 



of the eoeffieient obtained from the measurements which i^ives the 
position of tlie exti-a sound. It is apparent that the position of tlie 
extra sound in the cardiac cj’cle was much more variable in some 
cases than in others. The coefficient mentioned varies from 0.242 in 
the first case (Case 1) to 0.013 in the last (Case 7). This coefficient 
is, however, uniformly larger than that based on measurements of the 
second sound. It will be seen that in each case the latter is smaller 
than the former. It is evident then that in all of the cases th** systolic 
click was more variable with re.speet to the peak of the R-wave of the 
electrocardiogram than was the second heart sound. 


DISCUS.SIOX 

The results presented confirm the opinion foianed by other woi’kers 
that sj'stolic gallop sounds usually occur in patients who show no 
evidence of organic heart disease and that they have no unfavorable 
prognostic significance. Although we have no accurate figures on the 
subject we believe with Thompson and Levine that sy.stolie gallop 
rhj'thm is relatively common and that its only clinical importance lies 
in the fact that it may be confused with diastolic gallop rhythm. One 
of our patients (Case 14) is a case in point. In this instance the 
presence of a .systolic click had led on a previous occasion to the diag- 
nosis of a serious heart condition and, as a result, the patient had 
developed a cardiac neurosis which proved vei^’- difficult to treat. 
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TJie meeliaiiisin respousible for the production of extrasystolic sounds 
is not known. It lias been mentioned that GallaTardiii and also Lian 
and Departs believed the clicks might be due to the presence of 
pleuropericardial adhesions. Thomjison and Levine have referred to 
tivo other theories vdiieh have been advanced to account for the occur- 
rence of extra systolic sounds. The first, supported by Obrastzo^v.s 
Bard,® Giroux^® and others, presiiiiposes a lengthening of the period 
of isometric contraction of the ventricle with separation of the ele- 
ments that usually blend in the normal first heart sound, while the 
second, iiroposed by Potain^^ and supported by Wiedemann,^- assumes 
that distension of an atheromatous aorta can produce the sounds in 
que.stion. The last of these theories does not adequately explain the 
oecuwenee of the clicks in two-thirds of our patients who were under 
tliirty-five years of age and in whom there ivas no reason to suppose 
that disease of the aorta could be a significant factor. Furthermore 
it is not likely that sounds arising in the aorta would be heard with 
maximal intensity in the region of the cardiac apex or that the loud- 
ness of such sounds would be greatly influenced by the position of the 
, patient or by respiration. It is also difiScult to understand how systolic 
clicks can be produced by separation of the elements of the first sound 
due to abnormal lengthening of the period of isometric contraction. 
Such lengthening implies an abnormal weakened myocardium, a con- 
dition notably absent in the great majority of our patients. Assume, 
however, for the moment that this difficulty is removed and that the 
valvular element of the first soiuid may be delayed enough to be 
separate from the muscular element. Under these circumstances, an 
exti'a sound in early systole, such as was present in five of our patients, 
might occur but in the remainder of our cases the click was jiiaced 
primarily in mid or late systole and in these the theory is not tenable. 

Margolies and Wolferth have discussed briefly a rare type of systolic 
gallop rhythm which is heard best at the base of the heart and ap- 
pears to have the ominous prognostic significance usually associated 
with diastolic gallop rhythm. None of our cases fit into this group 
but it is possible that in some of the patients investigated by previous 
workers, particularly Potain and Wiedemann, the gallop was of this 
t3Te- 

All the evidence both fi'om their clinical characteristics and from 
the measurements showing the great variability with which the clicks 
appear in sj’^stole indicates that they arise outside of the cavities of 
the heart and are not dependent upon intraventricular or intra-aortic 
pressure changes as are the heart sounds and murmurs. It is also 
apparent that thej* are in some way produced by the motion of the 
heart and, since they are so markedty influenced b^ lespiiation and 
the position of the patient, it is difficult to escape the conclusion that 
the clicks arise from the. motion between the pericardium ajid the 
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mediastinal or diaphragmatic pleura. We thus return by a somewhat 
roundabout process of exclusion to the theory that the clicks are due 
to pleuropericardial adhesions, or to some other anomaly of these 
structures which allows vibrations to be produced in systole. None 
of our cases have come to autopsy and the only direct evidence sup- 
porting the theory is found in the three autopsied cases of Gallavardin. 
It is hoped that as time goes on more post-mortem evidence will be 
available so that the theory can be definitely accepted or rejected. 
It is possible that roentgen kymographic studies may help to solve 
this problem. 

Before closing this discussion the possible relationship between sys- 
tolic clicks and the so called “perieaixlial knock” heard occasionally 
after spontaneous or traumatic left pneumothorax or during the thera- 
peutic induction of left pneumothorax should be mentioned. These 
sounds may be loud enough to be heard by an observer across the room 
from the patient who may be unable to rest because of them. They 
have been described and explained in different ways by several authors 
including Bees and Hughes, Smith, Munden,^”^ Hull,^® Lister, and 
Wolferth and Wood.^® These Imocks have many features in common with 
systolic clicks. They are best heard in the region of the cardiac apex, 
are strikingly influenced by respiration and by position, vary greatly 
in intensity from time to time, and are sharp short sounds synchronous 
vdth the heart beat. Barnwell and Greene^® have studied a number 
of patients where the sound occurred dirring the induction or main- 
tenance of left pneumotliorax and believe that the knocks are pro- 
duced by a highly active heart whose movements are not limited or 
cushioned by lung tissue either sti-iking the chest wall or the dia- 
phragm held tense by an air containing viscus beneath. It is not 
certain whether these pericardial knocks always occur in systole 
but sound tracings with a simultaneous electrocardiogram have been 
taken from two patients displaying the phenomenon and in both of 
them the sound occurred in systole. Figure 2B shows one of these 
records and it will be observed that the knock is represented by vibra- 
tions of very large amplitude occurring in different parts of systole. 

CONCLUSIONS 

Clinical studies on a group of 21 patients displaying systolic gallop 
rhythm confirm the generally accepted opinion that extra sounds of 
this type usually occru’ in the absence of organic heart disease and 
that their only importance lies in the fact that they are occasionally 
mistaken for diastolic gallop sounds, 

Sound tracings recorded simultaneously with the electrocardiogram 
were taken on all the patients of the series. Measurements made on 
these curves indicate that the position of the extra sounds in systole 
is usually much more variable than is the position of the second sound 
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^Yitll respect to a fixed point of the accompanying' electrocardiogram. 
These results together noth the clinical characteristics of the sounds 
indicate that they are extracardiac in origin. Similarities between 
systolic clicks and the pericardial knocks heard occasionally in pa- 
tients with left j)JiGumothorax are pointed out. 

Tlie y-riter wishes to express his appreciation to Dr. FranJc N. Wilson for his many 
suggestions and for his lielp, particularly in the preparation of this paper. 
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A NOTE ON PERICARDIAL INVOLVEMENT IN 
CORONARY TIIROMEOSIS^^ 

Chakles P. Stewart, A.B., and Kenneth B. Ti;rxer, ]\r.T). 

New York, N, Y, 

T he common conception ol the pericardial lesion associated with 
coronai'v thrombosis and myocardial infarction is that, when j>res- 
ent, it cojisists of a localized patch of fibrinous exudate overlying the 
infarcted area. Thus Levine^ .state.s, “When the process of infarction 
is sufficient to extend from within the ventricle to its surface, the 
pericai’dium is necessarily involved. At this point, a localized fibrinous 
exudate develops and therefore a time serofibrinous pericarditis will 
result. It is obvious that if the infarction does not extend to the 
visceral pericardium, no peilearditis occurs; or if the site of the lesion 
is in the posterior part of the heart or over the dome of the diaphragm 
even if the pericardium is involved, a friction rub might not he 
audible. . . . Only on ver}’’ rare occasions is pericai’dial effusion a.sso- 
eiated with this type of pericarditis.'* 

Similarly Levy^ says, “With the formation of an area of infarction 
involving the epieardial surface, pericarditis develops and a friction 
rub may he heard. ... It is heard in a minority of cases. If the 
infarct is on the posterior aspect of the heart, the rub is not audible, 
... I have never observed effasion in detectable amount associated 
with the pericarditis of infarction; it has been reported in rare in- 
stances. In a few hearts examined at necropsy, adhesions between 
the two layers of the pericardium in the region of the infarct have 
been found," 

White'* states, “Pericarditis due to infarction is usually limited to 
the area of necrosis in contradistinction to the genex*al involvement 
of the pericardium by infection." 

On the other hand, Blumer^ .states that “a usually localized and 
usually transitory pericarditis is clinically’ demonstrable in a certain 
proportion of patients with coronary occlusion, possibly in a third of 
them. Occasionally much more widespread pericarditis is present, 
which ma}’ involve the entire pericardial sac and eventually lead to 
its obliteration." The experience in this ho.spital is in accord with 
this view. 

Sixty cases of eoronaiy thrombosis examined at necrop.sy form the 
basis of this report.! In 12 of these the pericardium was noi-mal, 
Avhile in 48 (80 per cent) pericardial involvement was demonstrated. 
In the group with pericarditis, the process was localized to the region 

*From tJie Departnient of Mc-Oicine. College of Physicians and Surgeons, Columbia 
Tjniversitj', and the Presbyterian Hospital. 

fThe authors wish to express their appreciation to the Department of Pathology 
Director) for permission to utilize the autop.sy records and in 
particular to Dr, W'. C. von Glahn, for his assistance in reviewing'* the post-mortem 
findings in the cases here reported. 
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of tlie infarct in 36 (75 per cent) and was generalized so that it in- 
volved the whole pericardial surface in 10 (21 per cent). It was gen- 
eralized; hilt complicated by, and possibl}’- due to uremia in 2 (4 per 
cent) . 

Of the 36 cases of localized pericardial involvement there was a 
healed fibrous patch or adhesion with an old infarct in 21. Such a 
lesion ivould not be expected to cause a rub and none was heard. 
In 15 cases the infarction was recent and an area of localized, acute 
fibrinous pericarditis ivas present. This occurred in the a^iical region 
or on the anterior surface of the heart in 12; but in only three of 
these had a friction rub been heard. The three posterior infarcts on 
the posterior surface did not produce audible friction rubs. 

Excluding the tivo eases complicated b.y uremia, the remaining ten 
with a generalized pericardial reaction fell into two groups. In the 
first were six cases with recent myocardial infarcts with which there was 
an acute fibrinous pericarditis; in the second, were four cases with 
old, healed infarcts and Avith a more or less firmli" adherent peri- 
cardium. Three of the recent infarcts involved the anterior surface 
of the heart, and three the posterior surface. In tivo of the anterior 
and in all three of the posterior infarcts a filction rub had been heard 
during life. Thus the detection of a pericardial friction rub does not 
rule out the presence of an infarct on the posterior surface since this 
may cause a generalized pericardial reaction. 

Short summaries of the ten cases of generalized pericardial involve- 
ment are appended. 

SUMMARY 

1. In 60 cases of coronary thrombosis with myocardial infarction 
examined at necropsy pericardial inimlvement ivas fouiid in 48 (80 
per cent). 

2. In the 48 cases of pericardial involvement, the process lA’^as local- 
ized in 36 (75 per cent), and involved the entire pericardium in 10 
(21 per cent). The pericarditis lAms generalized, but ivas possibl.y due 
to a coexistent uremia, in 2 (4 per cent). 

3. A localized acute fibrinous pericarditis lAms present in 15 cases, 
but in onlj' three of these had a friction rub been ’heard during life. 
A generalized acute fibrinous pericarditis ivas present in six cases. A 
friction rub had been heard in five of these, of ivhich three shoived the 
area of infarction to be limited to the posterior surface of the heart. 

CASE SUMjMARIES 

Case 1. Unit History 49175. Path. No. 9115. WJiite male, aged seventy-six 

year.s. Pain in left chest five days before death. Pericardial friction rub heard. 
Recent thrombus in left coronary artery. Infarct on posterior surface of left 
A^entriclo. ‘'The visceral and parietal pericardium are firmly bound together by a 
fibrinous e.xudate Avhich is 0.5 to 1 cm. in thickness in some places, thickest on the 
wall of the left ventricle. ’ ’ 
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Cask 2. — U. H. 50202. Path. No. 01.20. Obe.“c ivJiite female of sixty-four years. 
Pain twenty-three dayH before death. Friction rub heard. Circumflex branch of 
left coronary artery occluded. Infarct on posterior .‘•iirface. “The epicnrdiuni is 
everywhere covered with a fibrinous exudafe.'-' 

Cask .2. — XJ. H., 502-I.'5. Path. No. 0-1-tS. XVhite male, aged fifty-two year.s. At- 
lacks of precordial pain forty days and again three day.s before death. Friction rub 
hoard. Recent thrombu.s in anterior descending branch of left coronary artery. 
Apical infarct. ‘'The pericardium is everywhere bound to the heart with recent white 
fibrinous exudate.” 

Cask 4. — U. If. 58781. Path. No. 9J50. White man of fifty-five years. Pain 
for a few day.a. Friction rub heard. Recent thrombus in anterior descending branch 
of left coronary artery. Apical infarct. ‘‘The anterior and latenil surfaces of the 
.«ac are everywhere bound to tlic heart by recent fibrinous e,xudatc which is easily 
torn off.” 

Ca.sk 5. — U. H. 2-J<l-lSS. Path. No. lO.'tfiT. WJiite woman of fifty-four years. 
Pain for three days before death. Friction riili heard. Recent thrombus in right 
coronary artery. Infarct on posterior surface. ‘‘The entire surface of the heart, 
particularly the ventricles and the posterior portions, arc covered with loosely 
adherent fibrin strands.” 

Case G. — TJ. If. ‘120724. I’ath. No. 11801. White male, aged fifty year,«. Attacks 
of pain ten month.", five month.", and one week before death. No friction mb. Old 
thrombus in anterior do.«cending branch of left coronary artery; recent thrombus 
in right coronary artery. Infarcts on anterior surface and at apex. ‘‘Over the 
entire right auricle, a portion of tlio lateral and jin.storior walls of the right ventricle, 
and the posterior surface of the left ventricle there is a thin, shaggv*, friable, light 
yellow cxTidatc.” 

Case 7. — U. H. G3052. Path. No. 9057. White male of seventy-four years. Pain 
followed by progressive congestive failure for eleven weeks before death. Anterior 
descending branch of left coronary artery occluded. .Vjiical infarct. ‘‘The heart 
is covered by firmly adherent pericardium with complete obliteration of the sac.” 

Case 8. — TJ. H. 0.'1G;17. Path. No. 9G().'{. White male, aged sixty-eight. No hi.slory 
of pain. Congestive failure for 2 days before death. Old occlu."ion of anterior 
descending branch of left coronary artery. Anterior ."urfacc infarct. ‘‘The peri- 
cardial cavity i.s completely obliterated by ioo."e fibrous adhe.sion.". . . . Where the 
pericardium had been separated, the epicardiinn is covered with fibrous tags.” 

Case 9. — IT. H. 0.3744. Path. No. 907.3. White man of sixty years. No history of 
pain. Old thrombus in anterior descending branch of left coronary artery. Anterior 
surface infarct. ‘‘Tlie pericardium is found thickened throughout and adherent to 
the heart.” 

Case 10. — U. H. 50480. Path. No. 9828. WJiitc ni.m of forty-two years. Angina 
pectoris for three ye.ars. .Severe pain and friction rub a year before death. Old 
occlusion of anterior descending branch of left coronary artery. Anterior surface 
infarct. ‘‘The parietal pericardium is everywhere bound to the heart by dense 
adhesions.” 
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STANDARDIZATION OP PRECORDIAL LEADS 
Supplementary Report 

The American Heart Association and the Cardiac Society of Great 
Britain and Ireland have recently published^ Joint recommenda- 
tions bearing njDon the standardization of a single precordial lead for 
routine use. Blany morkers emplo.y multiple precordial leads and the 
use of such leads is rapidly increasing. The Committee on Preeordial 
Leads of the American Heart Association feel, therefore, that it is 
desirable to make recommendations with reference to leads of this 
tj'pe. They wish also to make public the considerations which led to 
the recommendations adopted. 


JirULTIPLE PRECORDL4L LEADS 


When leads from two or more precordial points are emplojmd, it is 
suggested that the precordial electrode be paired either with an elec- 
trode on the left leg or with a central terminal connected through 
equal resistances of 5000 or more ohms to electrodes on the right arm, 
left arm, and left leg. It is suggested further that in the first case 
the letters CP’^ followed by a subscript and in the second case the 
letter V followed by a subscript be employed to designate such leads. 

The position of the preeordial electrode shall be indicated by the 
subscript used according to the following plan : Subscript 1 shall be 
used for the right margin of the sternum ; 2, for the left margin of the 
sternum ; 3, for a line midway between the left margin of the sternum 
and the left midclavicular line; 4, for the left midclavicular line; 5, 
for the left anterior axillary line ; and 6, for the left midaxillary line. 
When the letters and subscripts specified are employed, it shall be 
understood that in the ease of the sternal leads the preeordial elec- 
trode has been placed in the 4th intercostal space and that in the case 
of the other leads it has been placed upon a line drawn from the left 
sternal margin in the 4th intercostal space to the outer border of the 
apex beat (or to a point at the jimction of the midclavicular line and 


♦Those who prefer to place the distant electrode on the n&ht arm may indicate 
its position bv using the letters CR followed by a subscript. When this electrode 
is placed on ‘the left arm, the letters CL followed by a , subscript may be used. 
TJie letters R L and F are used as abbreviations for right arm, left arm. and 
foot {left lee-f resnectively The letter C is an abbreviation for chest; T, for cen- 
t?af v! for^-oS^^ last connection with 

unipolar leads in which the central terminal is the indiffeient point. 
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the 51h intercostal, space) and contimied around tin; left side of the 
chest at the level of the ajiex heat or of the .junction jnentioned.f 

KX PliA K ATOH V JUvM A H KK 

Size of Ihc Prrcordial Elcclrorh :. — There are at pi-es(;nt no data upon 
which an accurate estimate of the most desirable size for the })rc- 
cordial electrode can be based. Theoretical considerations sii^^f'cstcd 
that until such data become available it is desirable to employ a pre- 
cordial electrode no larfjrer than is rerpiired to avoid certain technical 
difficulties that may arise when a very .small electrode is used. The 
technical difficulties in r|ncsfion dej)end upon polarization of the small 
electrode and hifrh skin resistance when a strincr jralvanometer is em- 
ployed, and involve drifliii'r of Ihc baseline and interference due to 
extrinsic altcrnatine: current when the ainjilifier type of clectrocardio- 
gra])h is used. A circular electrode 3 cm. iji diameter has been found 
satisfactojy. 

Single Precordinl LendK . — The evidence at ])re.«ent available indicates 
that when a single precordial lead is used, the best, place for the ])]•(•- 
cordial electrode is at the outer border of Ibe cardiac apex. An apical 
lead api)ear.s to give reliable evidence of infarction of the anterior 
wall of the heart and of abnormalities of the processes upon which the 
T-wavc depends more often than any other single lead fron^ the ]u-e- 
cordium. The iionnal valuations of the preeordial electrocardiogram 
in apical leads have been more thoroughly investigated than the nor- 
mal variations of the preeordial electrocardiogram obtained by lead- 
ing from other points. The use of an apieal lead has been oli.jeeted to 
on the ground that it may be difficult for technical assistants to locate 
the cardiac apex. This ob.iection apjdie.s 7nore or less to all preeordial 
leads. It is, pei-haps, less valid in the ease of .sternal leads than others, 
but a single sternal lead is not satisfactory for the detection of in- 
farction of the anterior or left lateral wall of the left ventricle. 

Because the po.sition of the second electrode is not always a matter 
of complete indifference, it was decided that it would be best to i-e- 
gard as permi.ssible any of the positions of this electrode which have 
been specihed and to devise a method of designating the one used. It 
was the general opinion that the committee .should recommend one of 
the locations mentioned as the standard for routine u.se, but there was 
an almo.st even division of opinion as to whether the preference should 
be given to the right arm, for the sake of convenience in making the 

tit will be notc'l tliat lead CIO and IV P (or load CR. and I^’.ad IV R) may 

sometIme.s bo identical. In the case of tlie latter (Ijoad IV F or Lead IV R). 
however, the precordi.al electrode is placed at the outer border of the cardiac .apex 
regardles-s of the po.sitlon of the apex with reference to the bony l.andmarlcs of the 
chest, whereas in the case of the former (lead CF< or lead CR») this electrode is 
placed in the midclavlcular line even \s'hcn the cardiac ape.x In far to the loft of this 
position. 
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gah aiionieter comieetioiis, or- to the left leg, whieh lias been much 
more Tvidely itsedA^ 

2Iiiltiple Precovdial Z/eads. — In certain eases of infarction of the an- 
terior 'vrall of the heart, multiple precordial leads are required to estab- 
lish the diagnosis. Sucli leads sometimes disclose abnoianalities of the 
T-deflection ^vliieh n-ould otherwise escape detection. In the differentia- 
tion of right from left bundle-branch block, and in the differentiation 
of right from left ventricular enlargement multiple preeordial leads are 
indispensable. The series of leads particularly empha.sized, although 
not necessarily the best that may be devised, has nevertheless been 
shown to be of great value and has received sufficient studj' to estab- 
lish reasonably adequate normal standards, and to establish the con- 
figuration of the changes in the ventricular complex which occur in 
the different leads of the series as a result of the more common cardiac 
abnormalities. 

In the majority of eases there is no essential difference between the 
curves obtained when the preeordial electrode is paired with an elec- 
trode on the left leg and tho,se obtained when it is paired with a 
central terminal. Essential differences become increasingly common 
as the distance of the iDreeordial electrode from the ventricular sur- 
face is increased. 

Method of Maldug the Galvanometer Gonneciions . — In talcing pre- 
eordial leads the majority of workers in America have hitherto made 
the galvanometer connections in such a way that relative negativity of 
the preeordial electrode was represented in the finished curve by an 
upward deflection. Other workers here and abroad have made the gal- 
vanometer connections in the opposite way so that relative positivity of 
the preeordial electrode was represented by an upward deflection. It 
was thought imperative that one or the other method be declared stand- 
ard. After a great deal of discussion it was decided that the temporary 
inconvenience to the large number who have become accustomed to 


*Tliere is some evidence suggestingr that a comparison of Lead rv B and Lead 
IV P may be useful in the diagnosis of acute pericarditis and of myocardial infarction 
involving both the anterior and the posterior vails of the left ventricle. Lead TV T 
seems to be as satisfactorj' as any of tlie other apical leads. Compared ''vith the 
leads in which the apical electrode is paired with a single electrode in the back or 
on one of the extremities, it is much more nearly unipolar : i.e., it records _ the 
potential variations of the preeordial electrode without distorUon (or with minimal 
distortion) due to notential variations of the distant electrode. _ V hetlier this will 
prove to be an important advantage from a practical standpoint is as yet uncertain. 
This lead has the disadvantage that it requires special equipment and is less con- 
venient to use than Lead -TV P or Lead IV K. Lead TV Lys the most <mn\'enient 
of all because, after Lead III has been taken, a single operation (the transfer of the 
left leg wire to the apical electrode) is required to obtain it It lias, non e\er, i^en 
so little used that it cannot be recommended without resen-e at this time. The 
relative merits of these different leads are m need of thorough im estimation. The 
following relations between them may be pointed out 

Lead TV R = Lead IV P -r Lead II 
Lead IV L = Lead TV P -f- Lead IH 
Lead IV T = Lead LV P -f 1/3 (Lead II Lead III) 


These equations are analogous to Einthoven’s equation, whicli state.s tliat Lea.l 
II = Lead I -f- Lead III. 
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tlie first method would he more thnii overbalanced by the advantages 
offered by the second.® 

The advantages of making the galvanometer connections in such a 
way that relative positivity of the precordial electrode is represented 
in the finished curve by an upward deflection and relative negativity 
of this electrode by a downward deflection ai’e as follows: 

1. This method makes it pos.sible to assign the letters Q, R, and S 
to the individual deflections of the QKS group in exactly the .same 
manner as in the case of the standard limb leads, w’ithout violating 
the, general principle that, as far as jiossible, deflections which have 
the same origin or the same significance should invariably bear the 
same name. In particular, it makes it possible alwn 3 's to assign the 
same letter (R) to the onset of the intrinsic deflection, which signals 
the arrival of the impulse at the epicardial surface of the portion of 
the heart .subjacent to the preeordial electrode, without departing 
from the customary method of labelling the QlbS deflections. 

2. In eases of infarction of the anterior wall of the heart this 
method 3 ’ields ventricular complexes characterized b,v abnoimally 
large initial domiward deflections (Q-waves) and sharph' inverted 
T-waves of the “cove plane" or “coronar.v type." Those complexes 
are practieall.v identical with those which have long been considered 
characteristic of m.voeardial infarction in the ease of the .standard 
leads, and the.v ma.v be described in the same terms. 

3. The P-defleetions and T-defleetions are normall.v upright. There 
are great advantages, particiilarl.v from the standpoint of one who is 
teaching electroeardiograph.v or of one who is beginning the study 
of this subject, in a s^'stem which makes upright T-waves invariabl\' 
normal, whatever the lead. 

4. The use of the terms plus and minus and of the s\'mbols + and - 
is greatly .simplified. In the case of precordial leads one electrode, 
the preeordial electrode, is much more important than the other. In 
the discussion of the principles upon which the interpretation of the 
preeordial electrocardiogram I'est.s, it is necessaiy to refer frequentlj' 
to the potential of the preeordial electrode and in connection there- 
with to emploj' the terms and sj’mbols mentioned. Since we are ac- 
customed to speak of downward deflections as negative and to prefix 
measurements of such deflections with the minus sign, much confu.sion 
and misunderstanding will be avoided if the deflection of the trace is 
upward Avhen the potential of the preeordial electrode is positive and 
do%vnward when the potential of this electrode is negative. 

•To make the galvanometer connecUons In euch a v.’ay that positivity of the 
preeordial electrode ■will produce an upward deCectlon in the finished record. It If 
necessarj' to connect the left-liand wire to this electrode If the lead .switch I" on 
Lead I and to connect tlie left-lep wire to thi-s electrode if the lead switch is on 
Lead II or Lead III. To take Lead IV F. connect tlie left-lep wire to the prc-cordial 
electrode and the left-arm wire to the left-leg' electrode and place the Ic-ad switch on 
Lead m. To take Lead IV R, connect the left-leg wire to the preeordial electrode 
and the right-arm wire to the right-arm electrode and place the lead .awitcli on 
Lead II. 
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Nomenclature. ^For tlie eom’enienee of those -who -wisli to make 
statistical studies of the QES group, to measure and tabulate the QES 
defleetious, or to classifA^ or characterize QES deflections of different 
types, it is imperath^e that the individual deflections of the QES group 
be designated by distinct symbols, even though the naming of these 
deflections maj* involve the application of rules that are more or less 
arbitrary. 

The adoption in the case of precordial leads of symbols different 
from those employed in the case of the standard leads might have 
some adAmntages. It vmuld, hoAvever, have at the same time tremen- 
dous disadvantages. It would add an entirely new terminology to 
clinical electrocardiography wliieh is already* regarded by many as an 
abstruse and incomprehensible siib.jeet, and would greatl.y increase 
the number of technical terms which beginners in this field would 
have to learn. It would invite other attempts to improve upon elec- 
trocardiographic terminology, and would stand little chance of prompt 
and universal acceptance. The adoption of new symbols for the initial 
ventricular deflections would also greatl.y complicate tlie use of such 
terms as the P-E. interval, the QES interval, the ES-T segment, and 
ES-T displacement which could not then logically be used with refer- 
ence to precordial leads. For these reasons it was decided that the 
deflections of precordial leads should be designated b.v the same let- 
ters as those of standard limb leads. 

Comments . — In making the recommendations adopted it has been our 
purpose to simplify the use of precordial leads for those who desire 
to employ them in everyday clinical work, and to reduce the confusion 
that exists at present because of a lack of uniformity and precision in 
current technique and nomenclature. Our discussions have made us 
acutely aware of many gaps in our knowledge of the preeordial elec- 
trocardiogram which must be filled in b.v future investigation. We 
feel that it would be unfortmiate if our attempt to standardize pre- 
cordial leads should discourage the investigation of leads of any kind 
whatsoever. 

Signed 

Arlie E. Barnes Prank N. Wilson 

Harold B. B. Pardee Charles G.'Wolferth 

Paul D. White 

Committee of the American Heart Association for the 
Standardization of Precordial Leads 
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CORONAKr THI?0iAlT30Sl8 IN A CASE OF CONGENITAL 
DEXTROCAEDIA WITH SITUS INVJiHSUS® 

J. Hajiiltox CnAwroitD, I^I.H., akd CfrAKiAis I"oni) WAitiii^x, SI.D. 

Brooklyn, N. Y. 

C OiVIPLETE 1.ran.s]K).sition of tho viseoi-a, although uncommon, is of 
no clinical imporlance as the organs function in a normal manner. 
Individuals •with this abnonnalily arc liable to be affected by the same 
diseases as alTlict those in whom the organs arc ixi a normal ixosition. The 
following ease of situs inversus is presented because the patient suf- 
fei’cd from acute coronary thrombosis and, as far as can be determined, 
no previous case has been reported of this nature, 

CASt: nnroirr 

E. O., a male, tifty-cight year.-i of age, stntei] llmt on .tune lo, Ta.'!i> wliilc pl!i.>-ter- 
ing a wall, lie felt his back snap, lie tlevelojiol a sovere jiain in the luinitar region 
and slight pain in the chc.st. lie %vns tre;itcil for the hark injury whieh slowly 
improved but about the middle of .Inly wliile walking in the street he was seized 
with severe constricting pain just to the right of tlic .sternum. 'J'hi! pain lasted 
for about an hour and there was a feeling of numbness in the rigid arm. .Since tiint 
time lie has liad attack.s of ])ain in this situation on exertion or excitement but so:ne 
have occurred without any apparent <rause. They were usually jireeeded by numbness 
of the right arm. An .attack usually lusted from one-half to one hour but the most 
severe attack, whieh took place in .'^ejit ember, lasted two hour.s. Tlier<.‘ h.as been 
no r.adiation to the left arm or to the neck. lie had had slight dy.spnea on exertion 
from time to lime but otherwi.se the history was neg-ative. Patietit stated that he 
had always been right Ininded. lie was admitted to Kings County Hospital rm Nov. 
20, and was discharged nmeh improved on .Ian. 17, 

Physical examintitions revealed a slightly overweight m.an with some ey.anosis 
of the mucous membranes. The radial and retinal arteries .showed s.-lerotie changes 
consistent with liis age. Tlie jiulse was regular at a rate of OS beats per minute and 
the blood pressure was l.j-l/S-l. On examination of the hetirt the condition of dextro- 
cardia was found, with the ajiex just outside the rigid midclavicular line. There was 
a localized sy.stolic murmur at the apex but no other murmurs were audible. TJie 
sounds at the base were faint. There were scattered drj* riilos on both sides of the 
che.st at the base. The liver was situated on tbo left side. No edema was pre.scnt. 
Boutinc laboratory studies, including urine, blood, blood ehemi.stry, and Wassermann 
test, were negative. 

Electrocardiograms , — Lead I showed the chanietcrist ic feature.s of congenital 
dextrocardia with inversion of all the complexes; Lead II an inverted P-wave, a 
deep Q and definite coving of the IbS-T segment, with a deep negative T-wave: 
Lead III a small Q-wave, slight slurring of B, some coving of the B.S-T segment 
followed by a negative T; Lead LY (right arm electrode on apex and left arm 
electrode just below the angle of right .«capula) appeared essentially normal (Fig. 1)- 
The diagnosis was that of previous coronary thrombosis in a c.ase of congenital 
dextrocardia. 

•From the Department of Medicine, Long Lsland College of Medicine, and the 
Department of Cardiology, Kings County Hospital. 
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In order to clarify tlie situation and make the curves comparable to those usually 
studied for coronary thrombosis, tracings were made in which the left arm electrode 
was placed on the right arm, the right arm electrode on the left arm, and the left 
leg electrode on the right leg (Fig. 2).' Lead I was normal except for a slight slurring 
of B; Lead II showed a small Q-wave and some coving of the ES-T segment with a 

^ diphasic P-wave, a deep Q-wave, marked coving 
of tlie ES-T segment and a deep negative T-wave. Were such curves obtained in an 
individual with the heart in tlie normal position the diagnosis of a previous coronary 
thrombosis of the T3 type witli the infarct on the posterior surface of the left 
ventricle would apjiear to be justified. 




Pig-. 1. — Standard leads and Lead IV (right-arm electrode-apex, left-arm electrode 
below angle of right scapula). 

Pig-. 2. — ^Left-arm electrode on right arm, right-arm electrode on left arm, and left- 
leg electrode on right leg. , 


Roentgenograms . — A six-foot teleroentgenogram of the chest showed dextrocardia 
with very slight cardiac enlargement (Fig. 3). In order to demonstrate the complete 
transposition of the abdominal viscera the stomach was filled with barium and a 
barium enema given (Fig. 4). 

SUIMMARY 

A case of congenital dextrocardia with situs inversus is presented in 
which there is good evidence that a previous coronary thrombosis had 
taken place. The most interesting feature is the distribution of the 
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pain during the attacks ot angina pectoris. Before and after the at- 
tacks a feeling of numbness appeared in Die rigid arm. The pain was 
localized strictly to the right side of the chest and there was no radia- 
tion to the left arm or neck. When the oi-gans arc situated in their 
normal position the pain is usually localized to the left side of the chest 



Fiff. 3. — TclcroontBcnogn'inj of cho.st nt .sl;:-foot tnrset ill»tnnc-i-. 



Fig. 4. — X-ray fllm sliowlng complete transposition of abdominal viscera. 

with radiation to the left arm although the pain may sometimes extend 
to the right chest with radiation to both arms or to the right arm alone. 
Anatomical evidence shows that the sensory nerve sujiply from the 
heart is bilateral and that impulses pass to both sides of the spinal cord. 
It seems probable however that when the heart is normally situated the 
main pain pathways run to the left side of the cord while the present 
case suggests that in dextrocardia they enter on the right side. 



SUDDEN DEATH IN AORTIC STENOSIS 

ExPLANATIO]Sr OK A ]\lECHAJaCAL BaSIS^' 

J. Arxold deYeer, ]\I.D. 

Brooi^lyx, N. Y. 

TN 1935 Mar\lii and Sullivan^ called attention to the fact that patients 
J- with stenosed aortic valves are liable to die unexpectedly and sud- 
denl.y. It had not, until then, been wideU loiomi that such a Iiazard 
exists in cases of this type, although occasional generalizations on the 
subject were found hi the literature. These investigators reported a gi'oup 
of eleven cases of aortic stenosis in nine of which death had been very 
sudden when the patients appeared to be m their usual health. Four 
of tlie nine did not have heart failure at the time. In four of the eases 
autopsies were performed, but in only one instance was an apparent 
cause of the sudden death discovered, namely, a complete closure of the 
narrowed aortic apertiu’e liy a. thrombus which was thought to have 
formed during life. The authors found record of a similar instance 
of thrombotic obstruction of a stenosed aortic valve ostium in a paper 
by Lutembaeher.- In this ease the stenosis had been attributed to 
rheumatic valvulitis. In all other eases that Maiudn and Sullivan found 
recorded there had been no anatomical findings to explain the sudden 
death. 

These authors remewed the various possible causes of sudden death, 
rejecting as improbable such processes as embolic closure of a large artery 
(coronary or cerebral), or sudden occlusion of the small aortic orifice by 
a blood clot (at most a rare event if the two eases referred to be con- 
sidered authentic instances of ante-mortem occlusion). The mechanical 
narrowing of the aortic orifice is not, of itself, to be regarded as an 
adequate explanation. They sugge.st that the size of the heart may be of 
some importance, since in their cases enlargement of the heart was greater 
in those patients who died suddenl;^' than in the others. The authors 
discuss the occurrence of syncopal attaclcs in five of their patients, three 
of whom died very suddenly, and advance the idea that both the s^mcope 
and sudden death may be due to the eardio-inhibitory action of the 
carotid sinus reflex. 

No subsequent discussion of the subject has appeared in the literature. 

The foUovdng mechanical explanation of sudden death was arrived at 
through examination of the heart in a single case of aortic stenosis. 
The writer has at hand no other material on which to test out his 
hypothesis, and it is vnth the hope that others may be in a position 
to do so, that this report is presented. 

*r^om the Department of Pathology of Tlie BrookljTi Hospital. 
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CASE REPORT 

Ii. W., a fifty-niiie-year-old wliitc male, Avas admitted to the service of Ur, 
William H. Loliinan at the Brooklyn Hospital on Oct. (i, liVM). Tliroughout the 
previous year he had noted dyspnea on exertion and, for the previous two weeks, 
parox 3 ’smal dj'spnca. Plij’sical examination showed pulinonarj' congestion, the heart 
enlarged to tlie left, and the heart sounds of poor qualitj'. There was a sj'stolic 
thrill and a coarse sj’stolic murmur at the aortic area, TJie aortic .second sound was 
dimini-shed. The pulse was small and of the plateau tj'pe. An electrocardiogram 
was interpreted as indicating left Iieart strain. Examination bj’ roentgen raj' showed 


Fip. 1. Flf,', 2. 



Fig. 1. — The aortic valve in the position ot closure, showing perfect apposition 
of the edges of tlie cusp.?. Tlie fused cusps are each somewh;it smaller than the 
free cusp, simulating a congenital bicuspid valve. Nodular calc.-ireous deposits are 
seen on the valve and extending onto the aortic wall. 

Fig. 2. — ^The valve in the position assumed during systole. The free cusp is slight- 
ly elevated producing a slit-like orifice. 

Fig. 3. — The valve in the "locked" position. Slight pressure on the aortic surface 
of the free cusp served to force it below tljc margin of the fused cu.s-p.s. It assumed 
this position with a little "snap" or click as of a closins door latch. 

Fig. 4 — cross-section through the commissure of the fused cusps .and the center 
of the free cusp. Note the horizontal position of the cusps. 

onlj’ enlargement of tlie heart. Renal function wa.s within normal limits. The 
blood pre.ssure ranged from 170/130 to 175/140. The condition was diagnosed 
as aortic stenosis on an arteriosclerotic basis. After a staj' of four weeks the patient 
was discharged from the hospital greatly improved and tvas instructed to report to 
the clinic. 
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On Jun. 7, 19o7 tlie patient came to the hospital as a visitor. He spoke animatedly 
vvitli an interne, mho found his pulse to be 90 and remarked on his apparent good 
health. Ten minutes later, while still at the hospital, the patient collapsed. Within 
a few moments a physician found him pulseless, wdth shallow irregular respirations 
which then ceased. Efforts at resuscitation were of no avail. 

At autopsy generalized arteriosclerosis and a moderate degree of chronic passive 
congestion were found. Other significant pathological changes were confined to the 
heart, which w’eighed 650 gm. The pericardium wms smooth, thin, and without 
adhesions. There was enlargement of the entire heart but hj'pertrophy of the left 
ventricle was particularly marked. The left ventricular wall measured from 2 to 3 
cm. in thickness. There was a relatively great hypertroi)hy of the musculature of 
the right ventricle and of the atria, and all of the chambers were moderately 
dilated. The coronary arteries show'ed a moderate degree of sclerosis but were 
not markedly narrowed and contained no thrombi. The tricuspid and pulmonary 
valves were normal. The mitral valve ring was calcified and there were a few 
atheromatous plaques on the anterior cusp. There were no adhesions between the 
cusps and the valve was otherwi.se normal. O'he aortic valve was the seat of ad- 
vanced sclerosis of the Hoenckeberg tr^pe, with a high grade .steno.sis. This valve 
will be described in some detail, since the mechanism suggested as responsible for 
the sudden death of the patient is based entirely on tlie condition of the stenotic 
valve. 

All of the aortic cusps were thickened and heavily calcified, and projected rigidly 
into the lumen of the vessel. The right anterior and left posterior cusps were com- 
pletely fused. The remaining cusp, the right posterior, was not adherent. The two 
fused cusps were entirely immobile and formed a kind of shelf occluding about 
two-thirds of the ostium. The third cu.sp was also entirely rigid, could be moved 
but very little and only bj- virtue of slight flexibility of the wall of the vessel at the 
base of the cusp. In diastole this free cu.sp closed the ostium perfectly by resting 
against the edges of the 'Ushelf” formed by the fused cusps (Fig, 1). In systole 
it could be lifted -.slightly to produce an angular, .slit-like opening (Fig. 2). It re- 
quired very little pressure at autop.sy to pu.rii the free cusp downward under the 
edge of the shelf, where it remained securely locked (Figs. 3 and 4). Hove pressure 
was required to release it than to lock it. 

The position, of the free cusp at autop.sy was not oh.served until tlierc 
had been considerable dissection and handling of the specimen, in fact 
the possibility that such a locking mechanism might have operated as the 
cause of the sudden death of the patient was not at first considered. It 
cannot, then, be stated that the valve was found in the locked position, 
but only that both before and after fixation of the tissue in IClotz solution 
tin's mechanism could be demonstrated very convincingly. 

The cusps of the valve pro.jected inAvard from the aortic ring almost 
at right angles to the wall of the aorta, and the free cusp, theiefoie, 
received very little support from the fused cusps during diastole. It 
seems possible that an nnnsnally forceful diastolic recoil thinst might 
have served to force the free ensj) below the margin of the fused cusps 
during life, just as it could be pushed doivn ndth the examining fingei 

at autopsy. 

The uu'iter does not contend that all eases of sudden death in aortic 
stenosis can he explained by such a mechanism. Obviously it could 
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operate only with valves showing a type of stenosis similar to the one 
herein described, the so-called acquired bicuspid valve, and not in cases 
of complete fusion of the cusps. Satisfactory demonstration of such a 
mechanism would require careful inspection of the valve prior to the 
introduction of instruments or examining fingers which would serve to 
dislodge the locked cusp. 
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Goonnaghtigh, N.: The Structure of the Auricles of the Heart. Arch. f. Ivrei.slanf- 
fonsch. 1: 377, 1937. 

The auricles of the heart show cliaracteristically many blood filled balloon-like 
protrusioms into the wall. These protrusions can be cut off easily from the heart 
cavity hy the nuascle trabeculae which s’urround their slitlike openings. 

Katz. 

Kiese, M., Gummel, H., and Garan, R. S.: The Absorption of G-Strophanthin by ■ 
the Liver in the Heart-Liing-Liver Preparation. Arch. f. exper. Path. u. 
Pharmakol. 184: 197, 19.37. 

This was determined by comparing the lethal dose of G-strophanthin in the heart- 
lung and lieart-lung-lh’er preparation of the dog. When the blood flow of the heart 
and the liver wa.s about the same per kilo, it ^vas found that the liver took up less 
G-strophanthin per gram than the heart. It could be .shown tliat liver binding of 
G-strophanthin was a function of the concentration of the drug in the perfusing 
blood. Livers damaged by i.schemia took up less of the drug than undamaged livers. 

Katz. 

Wolf, H. J., Mohr„M., and Kroger, E.: Residual Blood Plow of the Kidney After 
Ligation of the Main Artery. Ztschr. f. d. ges. exper. Med. 100: 485, 1937. 

The authors believe from pre\dous work that the production of tyramine has to do 
Avith the hj'pm’tension which develops after complete ligation of one renal artery. 

In the present study, the left renal artery was ligated in six dogs. In five, the blood 
flow from left and right renal veins was measured five to seven days later; in the 
sixth, one-half hour later. The blood flow was found to be from one-tenth to one- 
quarter that on the normal side. Secretion of urine did not occur in the kidney 
deprived of its blood supply. The vessels of the capsule v^ere markedly dilated. This 
residual circulation is considei'ed to be the source for the transportation of tyramine 
into tlie general circulation. 

StEEIjE. 


Biehler, W.: Veritol (H 75), a New Circulatory Drug With Peripheral Action. 
Ztschr. f. d. ges. exper. Med. 101: 62, 1937. 

^-p-oxyphenyl-isopropylmethylamin marketed under the name of ''veritol” ivas 
studied by Biehler in cats, rabbits, guinea pigs, and mice. He tinds that its action 
upon arterial pressure lies between that of adrenalin and ephedrin and that its 
pressor effect is somewhat greater than the related compounds tryaminc and hordenine. 
Intravenously it is effective in approximately %ooo lethal dose. It is, further- 

more, effective by mouth in rabbits in doses approximately of the lethal dose. 
Like adrenalin, reversal of the pressor effect occurs after ergotamine and yohimbin. 
The drug’s point of attack, he believes, is both cardiac and peripheral. 

Steele. 
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Heinlein, H. : Changes in Organs Due to the Substances Native to tne Body Which 
Act Upon the Circulation: I. Histamin. Zisclir. 1'. d. gcs. expcr. Med. 100: 
GGl, 1937. 

Tlie author fed histamin to cats over periods varj-ing from one to- three montJis 
in quantities sufficient to induce vomiting, as ho had previously done witli rabbits. He 
finds histologic lesions chiefly in heart and lungs but to a lesser e.xtent also in liver, 
spleen, and kidneys. The lesions appear to be dependent upon swelling and breaking 
down of the intima of the arterioles, fibrin formation beneath, and focal swelling 
and necrosis of the media. Focal necrosis of the heart and liver was found with 
leucocytic infiltration and in the kidney marked stasis of the capillary tufts of 
the glomeruli, protein and occasional red cells in the capsular space with swelling 
and dissolution of the capsular epithelium. He points out the similarity of these 
lesions to those obtained in animals made allergic to foreign proteins, 

Steet.e. 

Heymans, C., and Bayless, F.: Concerning the Action of / 3 -p-oxyphenyl-isoprophyl- 
methylamine. Arch, internat. do pharrnacodyn. et de therap. 56: 319, 3937. 

The authors confirm the -work of Biehler and of Eein that /3-p-oxyphenyl- 
isopropylmethylamine, a S3'nthctic compound related to tj’ramine and hordeninc, is a 
mild pressor substance. Bj' means of crossed circulation experiments in donor and 
recipient dogs they show that its action is due to peripheral vasoconstriction, rather 
weak in the general periphery, but well marked in the splanchnic region. In the 
intact animal the pressor etiect is very small, as Eein found, because vagal slowing 
olTsets its effect, but in atropinized or vagotomized animals a considerable rise in 
pressure may occur. 

Steele, 

Heymans, C,, and Bayless, P.: Influence of Anesthesia by Morphine-Pemoctone 
and by Chloralosane Upon the Arterial Pressure and Upon the Vasomotor Ee- 
flexes of the Proprioceptive Eegulation of Arterial Pressure. Arch. Internat. 
de pharmacodjm, et do therap. 56: 439, 3937. 

The effect of closure of both carotid arteries upon arterial pressure carried out 
in dogs under local anesthesia is compared with the effect of closure of the arteries 
carried out later in the experiments under (3) morphine-i)ernoctone and (2) 
chloralosane anesthesia. The re.sults show that the former tends to depress markedlj' 
arterial pressure as well as the means of regulating it while the latter does not. 
Ho concludes that Eein’s statements that morphine-pernoctone does not influence anj^ 
of the known vasomotor reactions is unjustified and that chloralosane is a verj' suitable 
anesthetic for studies of the physiology" of the circulation. 

Steele. 


Katz, Louis N,, and Fen, Harold S,: Clinical Observations on the Dynamics of 

Ventricular Systole. IV. Pulsus Altemans. Am. J. AI. Sc. 194: GOl, 1937. 

The dynamics of sj’stole in five clinical cases of pulsus alternans were studied by 
optical registration methods. The following conclusions were reached : 

The alternation in the size of the pulse is accompanied by concordant alternations 
in the heart sounds, the gradient of the pulse and the duration of ejection, and by a 
discordant alternation in the duration of the isometric period. The duration of 
total systole showed no alternation. 

No alternations were found in the electrocardiograms in this series, although con- 
duction disturbances were present in four of the cases. 
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;The duration of diastole did not vary consistently and was so small as to he 
witiiout significance in explaining the alternation of the pulse "volume. 

In the case with complete heart-block the pulsus alternans is attributed to con- 
tribution of auricular stimuli in alternate diastoles. 

The evidence presented in tliis report, "when correlated with previous studies of the 
djnamics of systole, supports the view that changes in initial volume and tension such 
as follow extrasystoles and sudden changes in rhythm and in respiration (so often 
present in alternation) can lielp to initiate the phenomenon of pulsus alternans. 
Once established, alternate variations in systolic residue occur which alternately in- 
crease and decrease the initial tension and volume and so help to perpetuate the 
phenomenon. It is not denied that changes in the refractory phase are important in 
initiating and perpetuating pulsus alternans, but it is empliasized that the changes 
in initial tension and volume are likewise important. 

Author. 

Steinberg, Israel, Clark, Eugene, and de la Chapelle, Clarence E.: Suppurative 

Pleuritis Complicating Pulmonary Infarction in Congestive Heart Failure. Am. 

•T. M. Sc. 194; 610, 1937. 

In the foregoing report arc presented the clinical and necropsy findings in four 
patients with congestive heart failure, in whom suppurative pleuzltis complicated 
pulmonary infarction. The evidence discussed indicates that bland pulmonary in- 
farcts may spontaneously undergo secondary infection which leads to empyema by 
penetration of the microorganisms to the pleura. 

Author. 

Wilkins, Robert W., Weiss, Soma, and Haynes, Florence W.: The Effect of 

Epinephrin in Circulatory Collapse Induced by Sodium Nitrite. J. Clin. In- 
vestigation 17: 41, 1938. 

Tlie efl^eet of epinephrine has been studied in vasomotor collapse induced by sodium 
nitrite in subjects in the upright position. 

Both in the horizontal and in the upright positions, epinephrine in subcutaneous 
doses of 1 mg. caused arteriolar constriction in and decreased blood flow through the 
.haivd. The venous tone was increased, as was the arterial pulse pressure and the 
heart rate; the venous pressure was usually slightly elevated. 

Epinephrine did not prevent the vasomotor collapse and syncope produced by 
sodium nitrite, mainly because the arteriolar constriction and the tissue anoxia were 
enhanced and because the decreased venous tone produced hy nitrite was not ade- 
quately compensated for. 

The experiments indicate that the level of the arterial pressure is not a reliable 
index of the clinical manifestations of vasomotor collapse or of the degree of tissue 
anoxia. 

The study presented throws light on the treatment of different tv*pes of vasomotor 
collapse. The fact that epinephrine is ineffective in nitrite collapse does not rule 
out its efficacy in other tj-pes of collapse. 

Author. 

Vannotti, A.: The Capillaries and Nourishment of the Heart and Large Vessels 

Tinder Normal and Pathologic States— I and II. Ztschr. f. d. ges. exper. Med. 

99: 158 and 371, 1936. 

Benzidine coloring of erythrocytes was used to study the flow in the smallest 
vessels in the heart muscle during sj*stole and diastole. A brisk circulation was 
found to occur during systole. The number of functioning anastomoses decreased. 
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Toward tlie ond of syfilolc lliere i.s a hindrance <o •venouB flow. Jn diastole there is 
dilatation of the .smaliesl vessehs and the appearance of a rich anastomotic ncUrork. 
Tho picture is the .“arae on the outer and inner layers of the heart. Xo evidenw 
exists of an extravaseular compression of the capillaries during systole. The systolic 
flow is maintained by elevation of the coronary arterial pressure and tlie arteriole 
widening in this phase. 

In cardiac hypertrophy there is a noticeable increase in the number of active 
capillaries and vicarious anastomo.ecs, while in dilatation there is a diminulion of tho 
normal blood flow and an incre.'isc in llic anastomotic circulation. 

Katz. 

Vannotti, A.: The Capillaries and Nourfshment of the Heart and Large Vessels 

Under Normal and Pathological States — ^UI. Zfschr, f. fl. g/’s. exper, Afed, 99; 

.TS7, lOriG. 

In diphtheritic myoc.’irdilis of the guinea j»ig heart, one linds first a myocardial 
active hyperemia and theti an ischemia when fatty degeneration of the heart 
occurs. Around these iselieinic areas new capillaries aj)pear which indicate the on- 
set of the reparative sliige, 

Katz. 


Vannotti, A.; The Capillaries and Nourishment of the Heart and Large Vessels 
Under Normal and Pathological States — IV. Ztschr. f. d. ges. exper. Med. 99: 
r,r>7, 1930. 

Diffusion of vital dyes occurs normally through the endocarditim of the aorta and 
through the capillaries of its julvcntilin. Jn h\7mrtension there is a decrease 
in the latter diffusion and an increase in the transintimal diffusion. Histologically, 
one can also demonstrate medial necrosis and ealeilieation. Apparently only in the 
valves and auricles is endocardial diffusion aderpiate to nourish underlying structures, 
but this is not the case in the aorta. 

IvATZ. 

David, r., and Siedek, H.: Bloodless Method of Measuring Pres.sure In the Pul- 
monary Artery. Ztsebr. f. d. ges. exper. Aled. 100: ~>4, Jtt.'tO. 

With a l)ronctioseope, om* can see pulsations in the right, bronchus 1 cm. below 
the bifurcation of the trachea. A .small rubber l)alloon is adjusted to cover this 
region, and tlie pulsations rocor<led with varying pressures within liie balloon. 7’lic 
oscillograms p)errait tlie determination of the juessure on Alarcy's principle. In 
twenty dogs this pressure was found to be .30 per cent of file systemic. In two experi- 
ments the autlior found a favorable comparison between the indirect and the direct 
mea.suremenls. In man the author found a similar relation between pulmonary and 
systemic pressure. 

Katz- 

Blumgart, Herrman L., Hoff, Hehhel B., Landowne, IVIilton, and Schleslnger, 
Monroe J.: Experimental Studies on the Effect of Temporary Occlusion of 
Coronary Arteries in Producing Persistent Electrocardiographic Changes. Am. 
.1. M. Sc. 194: 493, 1937. 

Since, according to current belief, angina jiectoris and fmrdiac infarction arc 
the result of myocardial ischemia, experiments were underbiken to learn whether 
temporary interruption of the blood supplj" to a portion of the IiCfirt would result in 
persistent electrocardiographic or anatomic changes. 
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Occlusion of the left anterior descending coronary artery or one of its branches 
for from five to forty minutes with subsequent release of traction ivas performed 
in twenty-four cats. Twenty-one animals were allowed to survive for from one to 
nine days after tliis procedure. 

Eleetroeardiogi’ams of the three conventional leads obtained before and at 
1 arious intervals during' and follo'wing occlusion revealed anoxemie changes per- 
sisting during the postoperative days in all animals in which occlusion was maintained 
foi fiom fifteen to forty minutes, inclusive. Only three of six animals in which 
the iieriod of occlusion was ten minutes or less showed changes on the postoperative 
days; in one these changes persisted until sacrifice of the animal eight days post- 
operatively. The electrocardiographic changes ivere characteristic of the anterior 
infarction type. 

Post-mortem examination failed to reveal gross or histologic evidences of 
cardiac infarction in any instance. 

Cardiac irregularities consisting of ventricular extrasystoles and ventricular 
fibrillation were observed at times during occlusion but particularly on release of 
traction. Three of the five animals which developed ventricular fibrillation died 
immediately. 

The clinical counterparts of these experimental observations are discussed. 

Author. 

Draper, George, Bruenn, Ho-ward G., and Dupertuis, C. Wesley; Changes in the 

Electrocardiogram as Criteria of Individual Constitution Derived From Its 

Physiological Panel. Am. J. M. Sc. 194: 514, 1937. 

A precision method has been used to study a constitutional character in the 
physiologic panel. 

There is a high degree of constancy over long periods of time in the individual 
electrocardiographic pattern demonstrated in one or both of (a) an unchanging 
pathologic state (Einthoven) and (b) the circumstance of a continually normal 
heart. 

Significant differences between the electrocardiographic curve patterns for ulcer 
and gallbladder patients appear to exist within certain age groups. 

These differences are also significantly distinct from the electrocardiograms of 
individuals with normal records selected from a general hospital population. 

Author. 


Lucke, H.; Cardiac Arrhythmias of Central Origin. Deutsches Arch, f, klin. lied. 

180: -40, 1937. 

Two cases are reported, one of cerebral confusion (commotio cerebri) and the 
other of brain stem involvement, in which cardiac arrhythmias of vagal origin 
(since atropin tended to abolish them) occurred. In one case the arrhythmia was in 
the nature of extrasvstoles and in the other there was sinus bradycardia and 
arrhvthmia, multiple ectopic beats, and first and second degree A-V block. 

E:.vtz. 

Tochowicz, Tj.: The Clinical Value of the Dorsoventral Lead. Ztschr. f. Kreislauf- 

forsch. 29: 711, 1937. 

In 280 cases with stenocardia, it was found that using four leads increased the 
electrocardiographic evidence from 50 per cent, obtainable ■with the limb leads alone, 
to 80 per cent when the fourth lead is added. This the author states is one of the 
reasons this lead is valuable. 





252 


THE AilERICAls HEART JOURN^VL 


Blocli, C.: Eesemblance in the Appearance of Automatic and Extrasystolic Beats. 

Cardiologia 1: 186, 1937. 

Six cases are reported in "wliicli extrasystoles and automatic beats had the 
same electrocardiographic contour and the pauses between the automatic beats 
were multiples of the extrasystolic coupling. Tlie.se rhythms occurred in ca.ses v.'ith 
serious heart disease, or following digitalis, carotid sinus pressure or exercise. These 
two tj-pes of beats are from the .same focu.s. The presence of "exit” block is im- 
portant in this mechani.sm and relates it to para.systole. 

Katz, 

Boyd, Linn J., and Werblov/, S. Charles: Coronary Thromho.sis Without Pain, 

Am. J. M. Sc. 194: 814, 1937. 

Additional evidence is submitted to .support the idea that major coronary thrombosis 
may occur without jiain. Pain was not present in one-third of 127 cases of coronary 
thrombosi.s observed bj- the writers during a twenty-five-month period although its 
occurrence was the subject of particular inquiry. 

Seven eases of this type are rcfiorted briefly. The occurrence of three cases in 
females among 7 reports is suggestiv-e of the increasing occurrence of coronary 
thrombosis in women. Although Aletropolitan Ho.spital has a large negro clientele, 
only 1 colored patient is reported, and he was the son of a white father and half- 
white mother. 

Most of the cases were known to be cardiac and had manifested more or le.-s 
cardiac failure for periods varjing from a few wc-eks to many years. Sudden in- 
explicable increased congestive failure in a known cardiac patient should arou.=e 
suspicion of coronary thrombosis; moreover in such cases pain is u.sually ab.sent. 
There was 1 case of a pain equivalent in the form of "choking,” several of severe 
vertigo, commonly associated with periods of uneonsciousnes.s, and 1 of a painle.ss 
episode in the so-called "dige.stive” group. 

The diagnosis of painless coronary thrombosi.s, as a rule, .should not be difficult 
if the possibility is considered. Our mi.stakes have occurred mainh' in elderly 
individuals with known arteriosclerotic heart disease and hj-pertension. 

Painless coronary thrombosis probably occurs more frequently than is generally 
appreciated, and we may assume tliat mild cases are more common than the fatal 
examples reported in this paper. 

As the liistories of the.se patients are singularly free from pain, they may belong 
to Libman’s hjqjosensitive group. It is .suggested that greater attention should 
be paid to the nerve plexuses surrounding the coronary vessels in cases of pain- 
less coronary infarction. 

Avthob. 

Levy, Eobert L., and Golden, Eoss: Eoentgen Therapy of Active Eheumatic 

Heart Disease. A Summary of Eleven Years’ Experience. Am. J. if. Sc, 194: 

597, 1937. 

Forty-eight jjatients with rheumatic heart disease have been treated by roentgen 
irradiation of the heart and have been observed during the past eleven and one-half 
years. 

In a considerable number the cadence indicated that radiation therapy exerted 
a favorable effect upon the lesions in the heart and upon the course of the disease. 
Those recei’.dng the larger number of treatments, as a general rule, fared best. 

Irradiation relieved cardiac pain in patients who did not have aortic in.suff3ciency. 

No harmful effects were noted. Unpleasant radiation reactions appeared in about 
half the cases. 
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Cases witli low grade actiAdt^' and Avitliout signs of congestive heart failure ap- 
pear to be most benefited. 

Tile manner in whicli improvement is initiated is not known. It is belicAmd to 
be due to an altered response of the cardiac tissues induced by the rays. 

Eoentgen irradiation of the iieart, in the present state of Icnowledge concerning 
riieumatic fever, deserA-es a place as a therapeutic measure in properly selected eases 
of active carditis. 

Author. 

Da-wson, W. S,: Cerebral Arteriosclerosis: A EevieAv. Australia 2: 499, 1937. 

While arteriosclerosis may be inferred AAuth a fair degree of certainty when 
mental deterioration, AA-itli or without focal signs, occurs in the subject of general 
arteriosclerosis, in many more cases the existence of this pathologic change can be 
suspected onlj" during life, and final proof depends upon the results of microscopic 
examination. Ea^gu so, the older the patient, tlie greater Avill be the probabilitj’-, that 
simple neuronic decay is the major factor in the clinical condition, with the reserva- 
tion that cerebral arteriosclero.sis cannot be excluded until the brain has been 
examined microscopicall}’. 

Author. 

Wollheim, E.; A New Depressor Substance and Its Eelation to the Pathogenesis 

of Essential Hsrpertension. Schweiz, med. Wchnschr. 66: 1231, 1936, 

A new thermostable depressor substance, not related to other depressor sub- 
stances, AAms obtained from the human urine, horse ’s urine, and the posterior lobe 
of the pituitary gland of the cow. The autlior calls this substance depressan and 
finds that it is related to hunian essential hA-pertension, in that it is absent in the 
urine of hypertensive subjects. He concludes that hypertension is tiie result of a 
deficient production of this substance. 

IvATZ. 


Wallis, O.; Action of Folliculin on the Blood Pressure. Zentralbl. f. Gyniik. 60: 
2839, 1936, 


In 12 case.s of essential hypertension 
Jiormone had no depressor action. 


(S females and 4 males), the follicular 

Katz. 


Dozzi, Daniel L.: Cerebral Embolism as a Complication of Coronary Thrombosis. 

Am. J. M. Sc. 194: 824, 1937. 

One thousand consecutiA’e, unselected autopsies Avere anal 3 ’’zed for the incidence of 
cerebral embolism and cerebral thrombosis in patients known to have coronary 
thrombosis. The same series was then analj'zed for the incidence of unsuspected 
coronary thrombosis in eases with a clinical diagnosis of cerebral hemorrhage, 
cerebral thrombosis, and cerebral embolism. 

^ Of the 1,000 patients, brains of 138 were examined at autopsy. Of these, 107 had 
either cerebral hemorrhage, cerebral thrombosis, or cerebral embolism. Of these 
107 coronary thrombosis also occurred in 12 cases (11.2 per cent). The latter lesion 
was not diagnosed clinicallj'' in a single case and suspected in onlj 2. 

While there were 41 cases of coronary thrombosis in the series of 1,000 
autopsies, only 29 of these were clinically recognized and recorded. The remaining 
12 were found as clinicaUy unsuspected coronary thromboses in the autopsy records 
of the 107 cases that had a clinical diagnosis of either cerebral hemorrhage, cerebral 
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thrombosis, or cerebral embolism. None of the 29 cases clinically recognized was 
shown to be associated with a cerebral lesion. The association of 12 of the 41 cases 
of coronary thrombosis with a cerebral %'ascu3ar lesion gives an incidence of 20 
per cent, a higher figure than those found in the literature. 

Though this series is too small to permit definite conclusions, this indication of 
a high incidence of unsu.speefcd coronary thrombosis in cases of hemiplegia should 
seiwe as a stimulus for more extensive .study and invc.stigation. 

As a re.sult of the findings of this study, the following .suggestions present tliem- 
sclves : 

1. Wliile it is generally felt that the heart is frequently the source of a cerebral 
eiubolus in persons under forty j'cars, it would be wise to sii.^pect the heart in all 
cases of cerebral embolism, irrespective of the patient’s age. 

2. Wlien suspecting the pos.sibility of coronary thrombo.sis as the etiologic factor 
in a case of hemiplegia, we must bear in mind the atypical forms of coronary 
thrombo.sis and must not lose sight of the fact that in cases with conge.stivc heart 
failure the coronary thrombo.sis might be masked by dy.spnea. 

All cases of hemiplegia should have a careful search made for anj' clue lead- 
ing toward old or recent coronary thrombo.sis in addition to routine electrocardio- 
graphic tracings. 

4. In order to establish the true incidence of cerebral embolism or cerebral 
thrombosis as a sequel of coronarj- thrombo.sis, we mu.st examine the heart at autopsj" 
in all casc.s that clinically have a cerebral le.eion. Also we must examine the brain 
in all cases with coronary thrombosis with any neurologic manifestations. 

Authok, 

Prettin, T.: Thrombosis and Fatal Lung Embolism. Virchows Arch. f. path. Anat. 

297 ; - 535 , 1936 . 

A stud5' based on necropsy material show's that i)ostoperative fatal lung 
embolism occurs especially in abdominal operations, most often from the third to 
the eighth postoper-ative day. The primary thrombi were located most often in the 
inferior vena cava, iliac veins, femoral veins or prostatic or uterine plexus. Deaths 
were more frequent over the age of forty and increased with age. In 1.35 out of 
229 cases, marked arterio.sclerosis of the heart and blood ve.=.sels was found. Women 
with this condition were on the average 11 kilos over the average normal weight and 
men on the average 4.2 kilos ovenveight. Two-thirds of all cases were not diagno.sed 
clinically. 

Katz. 

Brown, Margaret E.: The Occurrence of Arteriovenous Anastomoses in the Tongue 

of the Dog. Anat. Bee. 69: 287, 1937. 

As compared with the arteriovenous anastomoses described by Masson in the 
human, those found in the dog’s tongue are relatively simpler though they agree 
in their fundamental characteristics. It is sugge.sted that their presence in the dog’s 
tongue may be connected in some way with the elimination of heat upon a rise in 
body temperature. As far as the author is aware arteriovenous anastomoses have 
never been seen in the tongue of any other of the laboratory animals, 

MOXTGOlIEnY. 


Pearl, Felix L.; Angiospastic Claudication: With a Beport of Six Cases, Am. -T. 
M. Sc. 194; 505, 1937. 

Treatment should be conservative. If this fails, the response to diagnostic 
novochine block will determine the advisability of lumbar ganglioneetomy. The 
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latter procedure should be advised patients who are good risks, are incapacitated by 
the symptoms, and are relieved by diagnostic block. If vasomotor studies show 
receding of the vasodilatation level, lumbar ganglionectomy should be done. Poor 
surgical risks may be treated by alcohol injection of the lumbar sympathetic chain. 

The term ‘ ' angiospastic claudication-’ is descriptive of the sjmdrome and distin- 
guishes it from the claudication of occlusive arterial disease. 

Author. 

Schlomka, G-., and Broich, W. : The Physiologic Variations in Heart Size. Arch, f . 

Kreislaufforsch. No. 1, 384, 1937. 

Eoentgenkymography shows that the heart size is not so constant as distant 
heart plates seem to indicate. A .“shift of 3.5 to 4 mm. in transverse diameter is not 
unusual during the heart cj’cle and in 20 per cent of the cases exceeds 6 mm. and 
not so uncommonly even 10 mm. The size of the heart both systolic and diastolic 
varies inversel}' with heart rate, viz. slou-ing increases and acceleration decreases 
it. Increasing diastolic arterial pressui-e usually causes a decrease in transverse 
diameter of the heart, and a decrease in pressure causes an increase in diameter. An 
increase in body Aveight increases the heart diameter irrespective of the position of 
the diaphragm. Elevation of the diaphragm readily causes significant increases in 
the transverse diameter of the heart. These results suggest that kymography should 
be used as the standard method of measuring heart size and that this be done 
during moderate respiration. 

Katz. 


Eaab, W.: Adrenals and Angina Pectoris — ^Pathogenesis and Eoentgentherapy. 

Arch. f. Kreislautforsch. No. 1, 255, 1937. 

In angina pectoris, except for those cases due to acute coronary closure and 
other rare forms, the attacks are brought on by the outpouring of adrenalin. Twenty 
typical cases of angina pectoris are pre.sented in which roentgentherapy of the 
adrenals was used, apparently successfull.v, to relieve the attacks. 

Katz. 

Eatschow, M.: Vasography as a Test of the Punction of the Peripheral Blood 

Vessels. Portsehr. a. d. Geb. d. Eontgenstralilen. 55: 253, 1937. 

jkfter the needle is inserted into the lumen of an artery, the floAv is stopped 
for five minutes and then started again AA'hiie injecting the contrast material. This 
causes dilatation of all channels and permits r-isualization of all dilatable A'essels. 
This can also be accomplished by novocaine block of the nerve. Diathermy permits 
visualization of local regional vessels. The time from the injection until the 
constant medium leaves the veins is a valuable measure diagnostically. The 
injection of a contrast medium into a lymph node permits Ausualization of l.ATnph 
channels. The use of a contrast medium has permitted the author to demonstrate 
moans of changes in A’-ein caliber that systolic acceleration of the A-enous tlOAA 
occurs in the large s.ystemic and the large lung A’eins. 

Katz. 


White, James C.: Progress in the Surgery of the Autonomic Nervous System. 
Ncav England J. IMed. 217: 660, 1937. 

This is ail important eight-page summary, the greater part of which is dei-oted 
to a discussion of the effect of autonomic nerve regulation of blood supply. It 
giA-es physiologic interpretations as Avell as useful information of a clinical sort. 
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Examples are the following: Hemiplegia results in an increase in blood flow' in the 
paralj'zed limb,' and this may go on to edema of the limb. Preganglionic thoracic 
sympathectomy is a satisfactory method for production of vasodilatation in the 
arms — as satisfactory as the older operation of the same sort for the lower ex- 
tremities. The peripheral vasoconstriction resulting from the use of tobacco does 
not take place after appropriate sympathectomy. Resection of stellate ganglion for 
angina pectoris has been followed by a high proportion of favorable results. 

The carotid sinus sjmdrome and some rare but striking vasomotor sjuidromes of 
cerebral origins are discussed. Results of various surgical methods for reduction 
of hj'pertension are given. An extensive bibliography helps to make this paper a 
valuable help to a clinician interested in the newer findings in neurologic control of 
the circulation. 

Moxtgomery. 

Duggan, Walter F.; Treatment of Tobacco Amblyopia With Vasodilators. J. A. 

M. A. 109: 1354, 1937. 

In eases of tobacco amblj’opia without optic atrophy, the visual improvement ob- 
tained with intramuscular injections of acetylcholine chloride roughly paralleled 
that obtained with intravenous injections of sodium nitrite. 

Visual improvement was more rapid in the patients treated with acetylcholine, 
but it was greater in the patients treated with sodium nitrite. 

The vision of the individual eyes was on the whole more reduced before 
treatment (more eyes had vision of 20/70 or less) and were on the whole better 
after treatment (more eyes had vision of 20/30 or better) in the patients treated 
with acetylcholine. For this reason it would seem that intravenous injections of 
sodium nitrite are more effective than intramuscular injections of acetylcholine 
chloride in the treatment of tobacco amblyopia. 

This slight but definite difference in potency is probably due to the fact that 
sodium nitrite is destroyed, inactivated, or excreted by the body less rapidly than 
acetylcholine, so that its vasodilating effect is active for a longer time. 

The conclusion seems unavoidable that either sodium nitrite or acetylcholine, 
administered parenterally, brings about a more rapid return of vision in cases of 
tobacco amblyopia without optic atrophy than has been shown to occur in com- 
parable series of cases as a result of treatment with time honored but relatively in- 
effective methods or drugs. This fact should lend additional support to the 
hj-pothesis that tobacco amblyopia is due primarily to a vascular spasm in the visual 
pathway. 


Author. 
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IMMUNIZATION AGAINST EHEUjMATIC FEVER WITH 
HEMOLYTIC STREPTOCOCCUS FILTRATE* 

Valentina P. Wasson, M.D. 

New Yoeic, N. Y. 

' I ’HIS paper discusses an attempt to immunize 34 children who have 
had one or more attacks of rheumatic fever with stock filtrate of 
Streptococcus Jiemolyticus. The procedure was suggested by a similar 
metliod used by Dr. Franklin Stevens in treating bacterial asthma 
and arthritis in adults at the Presbyterian Hospital. 

We realize that the number of patients treated is too small to be 
able to draw definitive conclusions, but the results appear significant 
enough for a iireliminary report, in the hope of stimulating research 
along similar lines. 

The treated patients, designated here as Group A, are divided into 
two groups. Ten children received inoculations with the filtrate from 
September 1933 to June 1935 (Group Al),t and 24 other children from 
September 1935 to June 1937 (Group A2). 

Ill each instance 34 patients were used as controls (Groups B1 and 
B2). These controls were examined regularly in the rheumatic fever 
and cardiac clinics and received standard treatment as complaints 
arose, but no attempt was made to immunize them. 

According to Steveusf it requires approximately two years to treat 
a case of bacterial asthma. We decided to apply the same tentative 
rule to patients with rheumatic fever. 

Preparation of the Filtrate . — Stock filtrate only was used. A strain of scarla- 
tinal streplococcus N,Y.5 was obtained through the courtesy of Dr. Franklin Stevens 
and was used exclusively in the preparation of the material. The bacteria were 
grown for four days in 50 c.c. of 2 per cent proteose peptone broth. Tlie material 
was filtered; the filtrate was tested for sterility, and four normal saline dilutions 
were set up: 1:100, 1:50, 1:20, and 1:5. Some undiluted filtrate was kept for the 
largest doses. 

♦From the Department of Pediatrics, Fiftli Avenue Hospital, 1933-35, and the De- 
partment of Cardiology, Flower-Fiftli Avenue Hospital, 1935-37. 

fReportedl before the Pediatric Section of the Jiledical Society of tlie County of 
New York, March, 1936. 

fPersonal communication, 1933. 
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iLode of Administration . — Subeutaneous injections were first given weekly in 
graduated doses of 0.3, O.G, 0.9 c.c. beginning witli tlie 1:100 dilution, followed by 
similar doses of stronger conccntration.s. After 32 injections, a montli wa.s allowe/3 
to elapse, at the end of wliicli time 0.3 c.c. of the full strength filtrate was given, 
followed at monthly inteiwals by O.G and 0.9 c.c. The latter dose was repeated 
monthly until the beginning of .Tune. The treatment was then discontinued until 
Sejitember wlien the whole course was repeated as before, Xo more than a local 
reaction with the larger doses was e%‘er observed. 

CHOICE OF PATIEXTS 

The only criterion xi.sed for selecting the patients for treatment was 
their willingness to cooperate during the protracted course of inocu- 
lations, involving weekly and monthh’- visits to the clinic. Age, sex, 
and the severity of the disease plaj'ed no part in our choice. 

The control Group B consisted either of patients whose parents for 
some reason could not or would not bring them to the clinic frequently 
and regularly, or of those who joined the clinic too late to receive the 
full course of treatment. Oh the whole the cooperation of the families 
was remarkably good, and onl 3 ' two patients in the control Group B2 
disappeared in the course of two y-eai's. 

Half of the patients were Italian, one-quarter Puerto Ricans, and 
the rest were mostly Irish, Jewish, or American Negro. The economic 
and educational status of the majoritj* was low. 

ROUTIXE PROCEDURE AT THE CLIXIC 

To evaluate the results of the therapj' it is necessaiw to know about 
the routine “work-up’' of each patient. On admi.ssiou a detailed his- 
tory was taken consisting of past, rheumatic, family, racial, and 
hygienic histories. A careful inquiry- was made into the child’s habits 
and mental and emotional make-up. 

Each patient was then tested with hemolytic streptococcus nucleo- 
protein to determine his sensitivity to the organism, followed by a 
blood count, ery^throcyte sedimentation rate, and throat culture for 
predominating organisms. The parents received printed instructions 
in English, Spanish, or Italian telling hoiv to deal with a child with 
rheumatic fever. Each patient was examined regularly at the heart 
clinic. The assistance of the .social service department was invoked 
w^henever necessary. 

At each subsequent msit the interval history was taken, a throat 
cultui’e and sedimentation rate done, and a blood count as often as 
possible. "Whenever subacute rheumatic symptoms or an upper respir- 
atory infection pre.sented itself the child was sent home to bed and 
was reexamined a week later. In ease of a frank attack of rheumatic 
fever the patient was often admitted to the ivard. Convalescent care 
was arranged for as many' children as possible. 
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DISCUSSION’ OP RESULTS 

For clarity sake we will first compare the results m Group Al, 
comprising 10 children treated over the period of two years, from 
September 1933 to June 1935, with its control group of 31 patients, 
designated as Bl, and then the group of 24 children, called Group A2, 
whose treatment lasted from September 1935 to June 1937, with its 
corresponding control Group B2. 

Table I gives the comparison between Groups A1 and Bl before the 
treatment was instituted, and Table II does the same for Groups A2 
and B2. Tables III and W represent the findings in the treated and 
the control groups respectively during each two-year course of immu- 
nization. In Tables Y and YI we place under results’' our estimate 
of the child’s physical condition from the general and the rheumatic 
fever point of view at the end of each two years of therapy, 

T^vble I 


CoMPAEisox OF Groups A1 and Bl Before Treatment 


1 

1 

. teeaVted group 

control group 

No. of patients 


10 

34 

Average age j 


8.7 yr. 

9.47 yrs. 

Sex i 

Males 

Females 

Males Females 


0 

5 

11 23 

Cardiac class 

F, E+F, 

, I, Ha, Ilb 

F, E+F, I, Ila, lib 

number 

2 5 

11 1 

9 7 9 7 2 

Historj* of acute rbeuniatic 
fever 

7, 

70 per cent 

1 19, 56 per cent 

Positive skin, test 

10, 

100 per cent 

j 27, 79.0 per cent 


Table n 


Comparison of Groups A2 and B2 Before Treatment 


1 


treated group 

control group 

No. of patients 

Average age 

Sex 

Males 

24 

7.2 yr. j 

Females 

32 

8.5 yr. 

Males Females 


11 

13 

15 17 

Cardiac class 


E+F, I, Ha 

F, E+F, I, Ha. Ilb 

number 

9 

7 3 5 

S 12 7 4 1 

History of acute rbeuniatic 
fever 

Positive skin test 

19 

All 

, 70.9 per cent 

All 

2S, S7.5 per cent 


Group Al . — Ten children are included in this group. Their average 
age was 8.7 years at the time the treatment was begun in September 
1933. The sexes were equally divided. Two children had severe heart 
disease (Cardiac Class II). In the course of treatment during the fol- 
lowing two years the average erythrocyte sedimentation rate" and 
hemoglobin percentage were 10-5 mm. and 75 per cent, respectively. 
As far as infections are concerned there has not been a single instance 

*Landou’s microsedimentation method v.-as used exclusively on- ambulatory patients. 
The normal findings are up to 8 nun. per hour. 
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Table III 


CosiPAKisoN OF Groups A1 and B1 Ddeing Treatment September 1933-June 1935 


•! 

TREATED GROUP 

CONTROL GROUP 

Average erythrocyte sedi- 

10 mm. per hr. 

13 mm. per hr. 

mentation rate 



Average hemoglobin per 

75 

72 

cent 



Total number of colds 

28 

77 

No. of colds per child 

2.S 

2.57 

No. of rheumatic fever at- 

0 

7 in 5 patients 

tacts 



Hospitalization 

2 

15 

Convalescent care 

2 

o 

Pallor 

3+,* 1+ + + 

7+, 7-f+, Ob-r-f 

Abdominal sj-mptoms 

4r{-j l*f -f, l*f *r + 

9+, 3++, 9f + -f 

Headaches 

l-f + 4- 

8-t, G+-J-, Gf-f-P 

Epistaxis 

2-?- 

5+, 0++, 4+-!- -5- 

Eheumatic pains 

•j-i-j 2+ +, l-f 4* 4* 

G+, S-P-f, 9h + -P 

Average gain in -weight 

15.5 lb. 

6.82 lb. 

* +, occurred once 



-1+, occurred twice 



■1--I-+, occuiTed many times 




Table IV 

Comparison of Groups A2 and B2 During Treatjient September, 1935— June, 1937 



TREATED GROUP 

CONTROL GROUP 

Average erythrocyte sedi- 

8.5 mm. per hr. 

11 mm. per hr. 

mentation rate 



Average hemoglobin per 

80 

76 

cent 



Total number of colds 

103 for 20 patients 

130 for 23 patients 

Chronic sinusitis 

4, at the end 2 

9 

Average number of colds 

4.2 

5.0 

17 in 14 patients 

Number of rheumatic , 

2 

fever attacks 



Hospitalization 

1 

7 

Pallor 

3+,“ 24 4, 444 4 

•5+, 34 104 4 4 

Abdominal sjTnptoms 

94-j 34- 4-j 24* 4- 4- 

84, 1044, 94 4 4 

Headaches 

24, 54 4, 44 4 4 

G-f, 54 4. 184 4 4 

Epistaxis 

24, 44 4, 14 4 4 

24, 44 4, 944 4 

Joint and muscle pains 

74, 4f4 

34, 644, J 87-4 4 

Average gain in -weight 

10.9 lb. 

10.5 lb. 

* +, occurred once 

+ +, occurred t-ndce 



■i--f +, occurred many times 


■ 


Table V 



Group A1 

KE.SLTjTS OF TREATMENT 

Group B1 

CONTROL 



10 cases 


.34 case,s 

Verj' good 

9 

90 per cent 

5 

14.7 per cent 

Good 

1 

10 per cent 

9 

23.5 per cent 


0 

0 

10 

25.9 per cent 

Poor 

0 

0 

10 

25.9 per cent 
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Table VI 



Group A2 

' RESULTS OF TREAT.UEXT 

! Group B2 

' CONTROL 



24 cases 


32 eases 

Very good 

1 17 

70 per cent 

5 

15.8 per cent 

Good 

4 

17 per cent 

10 

31 per cent 

Fair 

2 

S.9 per cent 

1 5 

15.8 per cent 

Poor 

1 

4.1 per cent 

1 12 

37.4 per cent 


of acute rliemiiatic fever during the entire course of treatment and 
there were 2.8 other infections per child, including colds, a case of 
lobar pneumonia, and a ease of otitis media. The average gain in 
weight per child for two years was 15.5 pounds. 

Abdominal symptoms were almost absent. Only one child during 
the first jmar complained of frequent abdominal pain. Pallor was 
observed in four patients and was marked in one. One child com- 
plained of headaches which disappeared as soon as an old sinus infec- 
tion was effectivel.y treated in the ward. Three patients reported joint 
pains on one transient occasion, two on two occasions and one fre- 
quently. No twitching or nervousness was observed in this group. 
There has not been a single hospital admission for rheumatic fever, 
but there was one for pneumonia and one for sinusitis. Two children 
received convalescent care. 

Group Bl. — Thirty-four children were included in this group. They 
were all registered in the clinic on an average for thirteen months. 
The mean age at the time of enrollment was 9.57 years. Eleven of the 
patients were boys and 23 girls. Nine children, or 25 per cent, were 
ill the cardiac Class II, i.e., they had severe heart disease. Nineteen 
children (56 per cent) had a history of one or more attacks of rheu- 
matic fever, and seven had had chorea (all with one exception in 
combination with other rheumatic equivalents), and the remainder of 
the eight children gave a history of rheumatic symptoms without defi- 
nite attacks of rheumatic fever. The average sedimentation rate and 
hemoglobin percentage for tlie total time of observation were 13 mm., 
and 72 per cent respectivel.y. Thirty children reported 77 colds an 
four had chronic sinusitis and umre never free from colds. Excluding 
the cases with sinusitis this makes 2.57 colds per child. The mean gam 


XL weight per patient was 6.82 pounds. 

Abdominal pain and vomiting were reported in 23 patients and in 
line of them the symptoms were frequent and severe. Twentymne 
ihildren also showed pallor, often to a marked degree, 20 complained 
If headaches (severe in six), and 15 had epistaxis on one or more 
lecasions. Joint and muscle pains occurred in 23 patients. Theie v ei 
seven attacks of acute rheumatic fever in five children. There were 
15 admissions to the hospital in this group and three patients were 


sent to the country for convalescent care. 

Group A5— The results of the first two years of treatment were so 
encouraging that in September 1935 we began to immunize a new 
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gi'oup of 24 children. The eoiitrol Group B2 was made up of 14 pa- 
tients who were studied for the two preceding j'ears in control Group 
B1 and 20 new patients. B„v the end of the first year two children 
had drifted away and hence observations on only .32 control patients 
are presented here. 

In Group A2 there were 11 males and 13 females. TJieir average 
age at the beginning of inoculations was 7.2 years. Five patients had 
severe heart disease. All the children in this group had a definite 
histoxy of attacks of I'heumatie fever. 

During the course of treatment the average exythrocyte sedimenta- 
tion rate and hemoglobin pei-eentage were 7.8 mm. and 80 per cent 
x’espectively. The total number of colds was 103 for 20 children dui-ing 
two winters, or 4.2 per child. Four had chronic sinus infection during 
the first year and only Dvo during the second. There were two attacks 
of rheumatic fever in two children. One of them was ho-spitalized for 
two months, although she showed no cardiac involvement and her 
white cell count and sedimentation rate were only slightly raised. 
The other ease was diagnosed hy a pi’ivate physician and the hoy 
stayed in bed at home for two weeks. 

Indefinite subacute rheumatic symptoms were few in this group. 
Only four children showed frequent pallor (16.6 per cent), two chil- 
dren complained of abdominal symptoms on several occasions (8.3 per 
cent), four had frequent headaches (16.6 per cent) and only one had 
more than two nosebleeds (4.15 per cent). Not a single patient com- 
plained more than twice of transitory joint or muscle pains. There 
has been one admission to the hospital for i-heumatic fever and one 
for pinwoim infestation. Four children spent a month in the country'. 
The average gain in weight per child was 10.9 pounds for two years. 
The five children who at the beginning of therapy were diagnosed as 
Cla.ss Ha cardiacs passed into Class I. 

One child reported pi’ceordial pain on one occasion and another on 
two occasions. No other cardiac symptoms were recorded. 

Group B2. — Thix-t 3 '-two conti’ol patients were observed fox- the same 
period of two j’cars. Their avei-age age was 8.5 j'ears. Fifteen were 
males and 17 females. Five belonged to cardiac Class TI. The average 
hemoglobin percentage and sedimentation rate for this group were 
76.8 and 10.7 mm. There were 130 upper re.spiratorxr infections re- 
ported bj^ 23 patients and nine had chi-onic sinusitis thi-oughout the 
time of observation. The usual treatment in the ear, no.se, and throat 
depaidment brought onh' transitory' i-elief. 

This gi'oup fared particularly badly as far as rheumatic fever was 
eoneei-ned. Fourteen patients had 17 attacks dux-iug the two consecu- 
tive winters. The disease in its acute manifestations affected 43.4 per 
cent of the entire group. 

The subacute rheumatic symptoms were many and troublesome. Ten 
patients had chronic pallor (31.2 per cent), nine, or 28 per cent, fre- 
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queut attacks of vomiting and abdominal pain, 18, or 56 per cent, 
bad constaiitlj'' recurring lieadacbes, mau^y of them due in all prob- 
ability to chronic sinusitis. Nine children (28 per cent) reported 
lej^eated nosebleeds, and 18, or 56 per cent, complained constantty of 
joint and muscle pains. 

The cardiac symptoms were also prominent. Four children com- 
plained frequentty of palpitation, seven of preeordial pain, and ten 
of dj^spnea. There were four hospital admissions for rheumatic fever, 
one for an appendicectomy, two for otitis media, and seven patients 
received country care. 

The average gain in weight liowever was good and almost identical 
with the treated group, namely 10,5 pounds. 

Ol)servafions on Group A1 for Two Years Following Treatment 

It was obviousty of interest for us to know how the first treated 
group has fared since the inoculations were discontinued in June 1935. 
These patients have reported to the clinic regularly since then and it 
was easy to estimate their state of health. 

Unfortunately one boy died of meningococcus meningitis at another 
hospital in May 1936. Previous to this he was in excellent health. 

Of the other nine children one developed an attack of rheumatic 
fever with cardiac decompensation in March 1936 and was placed in 
cardiac Class Ila. He has been sent to a cardiac convalescent home. 
The remaining eight children have shown a perfect health record. 
Including the patient who had an attack of rheumatic fever, the 
average hemoglobin and sedimentation rate were 80 per cent and 9 mm. 
respectively. There was a total of 18 colds and no sinus infections. 
The total gain in weight was 150 pounds, or over 17 pounds per child. 
This record howcAmr is misleading, as one girl gained 41 poiuids in 
two years from overeating. Her basal metabolism remained norma}. 
In 1933 befoi'e the inoculations were begun, she was a Class Ilb car- 
diac, in 1935 she was classed as Ila, and in 1937 as Class I, and then 
began to attend school for normal children. Another child passed from 
Class Ila to Class I. 

ElectrocardiograpMc Studi es 

It was of utmost importance to determine if the admuiistration of 
hemolytic streiDtoeoccus filtrate had any adverse effect ui^on the myo- 
cardium, as might be revealed by a prolongation of the P-E interval 
or other changes. Eleetroeardiographie studies were made on each 
child in Uroup A2 just before tlie treatment was begun and at least 
twice during the course of ti’eatment. No 23 athological changes weic 
observed then. To determme whether the filtrate had any immediate 
deleterious effect upon the heart muscle, 20 out of 24 children had 
an electrocardiogram taken within twenty-four hours of the largest 
dose of the filtrate. 
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It will be seen from Table VII that only in one instance (Case 1) 
was the P-R interval prolonged from 0.19 second with a rate of 120 
to 0.14 second at the rate of loO. 

T^ble VII 


CojIPARrSOR OF P-B iNTEfiVAE IX EEECTROCAEDIOGEAJI.S OF 20 PATIEN'TS TaKEV 
Before Co.^ijrExcEMEXT or TnEATitEXT and Within TiraNTT-PooR Hours of the 
Laegest Dose of the Hejioeytic Stiseptococcus Fietrate 


NO. 

( BEFORE TREAT.\IBNT 

1 AFIEK LAST INJECTION 

RATE 

P-E 

DATE 

P-R 

1. 

. 120-30 

(second) 

0.19 

150 

(SECOND) 

0.14 

2. 

100 

0.18 

90 

0.17 

5- 1 

100 

0.10 

100 

0.16 

4. ’ 

100 

0.]6 

74 

0.1 G 

5. 

110-20 

0.17 

130 

0.16 

6. 

100 

0.18 

100 

0.18 . 

7. j 

90 

0.12 1 

96 

0,12 

8. i 

90 

0.19 1 

110 

0.18 

9. 

100 

0.20 1 

100 

0,20 

10. 

no 

0.16 

no 

O.IO 

11. 

70 

0.10 

so 

0.19 

12. 

! 100-90 

0.20 

90 

i 0.20 

1.3. 

90 

0.18 

80 

0.19 

14. 

90-80 

0.18 

80 

0.19 

15. 

100-90 

0.20 

120 

0,38 

16. 

90 

0.10 

80 

0.10 

17- 

110-20 

0.14 

120 

0.10 

18. 

80 

0.20 

90 

0.20 

19. 

88 

0.19 

90 

0.20 

20. 

110 

0.10 

120 

0.12 


COWiJEST 

From the above data it appears that the 34 children who have re- 
ceived inoculations of hemol.ytic streptococcus filtrate fared remark- 
ably well as compared with the untreated "roups and even with the 
average health experience of any group of normal children, "Whether 
this was due to therapy or merely to a fortunate chance selection of 
patients cannot be stated dogmatically. We realize that the groups 
ai’e too .small to make definitive conclusions possible, but we cannot 
help feeling impressed by the low incidence of rheumatic symptoms 
and attacks of idieumatic fever in the treated group. Out of .34 chil- 
dren only two, or .5.9 per cent, developed the disease in its acute phase 
during the course of therapy, while the control groups showed lo per 
cent and 43.4 per cent respectively. The physical condition of the 
control patients remained mediocre, and complaints of pains, head- 
aches, and fatigue were frequent. 

The purpose of this article is not to draw conclusions, but to state 
our observations. It is our intention to treat a much larger group of 
patients during the next two years and make extensi%'e electrocardio- 
graphic .studie.s in order to determine the immediate and remote efieets 
of the filti-ate on the heart muscle. 








EVALUATION OE BESULT>S IN TEEATMENT OF PEEIPHEEAL 

CmCULATOE.Y DISEASES^ 

Samuel Silbert, ]\I.D. 

New York, N. Y. 

r\UEINO tlie past fifteen years there has been a noticeable change 
in the attitude of the profession toward the prognosis in patients 
with peripheral Tasciilar diseases. Up to about the year 1925, the 
prevailing opinion was that little could be done for sufferers from the 
organic arterial diseases, and that eventual^' amputation of the ex- 
tremities was usually necessary. This generally hopeless attitude was 
a reaction to the poor results of treatment obtained prior to this period. 

TJie last decade has witnessed an extraordinary development of new 
methods of treatment for patieiits with peripheral circulator}' dis- 
orders. Table I presents an incomplete list of the methods proposed 
and practiced during this time. The growing interest in this subject 

T..VBLE I 

Methods Used ix TRE.\TiiEXT of Peripheral Vascular Disease 


Physiotherapy measures 
Heat 

Hot baths 
Baking 

TJiernio-regulated cradle 
Diathermy 
Short wave 
VTiirlpool baths 
Buerger's exercises 
X-ray treatment over spine 
Suction-pressure apparatus (Pavaex) 

Intermittent venous lij’peremia 

Injections 

Hj'pertonic sodium cliloride 
Sodium citrate 
Tj'phoid vaccine 

Insulin-free pancreatic tissue extract 
Paravertebral injections of alcohol 
Subarachnoid injections of alcohol 
Sodium thiosulfate 

Drugs 

Theobromine 
Acetylcholine 
Mecliolin 
Xitrites 
Iodides 

Operations 

Perivascular sj-mpatheetomy (Leriche) 

Ganglionectomy 
Arteriectomy 
Vein ligation 

Peri pheral nen-e section 

,prom the clinic for Peripheral Vascular Diseases, the Alount Sinai Hospital 
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Papaverine 

Alcohol 

Allantoin 

Thioglrcerol 
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lias been reflected in numerons papers dealing with diseases of tlie 
peripheral circulation. Enthusiastic reports on the results of treat- 
ment bj" various methods haa^e appeared, indicating a new spirit of 
optimism. In mana^ of the reports of the good results obtained by dif- 
ferent forms of therapy, a critical attitude is noticeably lacking. In 
numerous acute and chronic ailments it is the spontaneous course of 
the disease rather than the method of treatment avhich is responsible 
foj’ the recoa'ery of the patient. In the treatment of peripheral auseu- 
lai' disease there is too great a readiness to accept improvement as 
indicating the value of the treatment used. It is impoi’tant to realize 
that in these conditions also eomsideiuble .spontaneous improvement 
frequently takes place. Other factors, such as the benefit from ee.ssa- 
tion of smoking and the p.sj'chie effect of treatment, are frequently 
ignored. 

Polloaving occlusion of a major artery in an extremity, nature comes 
to the aid of the patient and quickly develops a collateral circulation. 
This pi’ocess of building up a collateral circulation proceeds rapidly 
during the first year and continues for at least two or three years 
longei’. While ti-eatment may accelerate this process, it will occur 
even though no treatment is employed. 

Figure 1 illustrates diagvainmatieally the changes in circulation 
which take place after such a closure. The first pej’iod is one of im- 
provement of circulation due to the spontaneous development of col- 
lateral circulation. This proee.ss continues for two or three years 
whether or not treatment is used. Following this first period, the 
circulation remains at a remarkably stationary level for an indeter- 
minate number of years, indicated by the broken line. During this 
second period the collateral cii-eulation is maintained. In patients 
with arteriosclerosis there follows a third period when the collateral 
circulation itself gradually becomes involved by the arteriosclerotic 
process, camsing a progre.ssive diminution in circulation. It is at once 
apparent that it makes a great dJffei’ence whether the patient is at 
point Ay B, or G when fir.st seen. If it is claimed that the patient who 
is at A responded well to a form of treatment, it is logical to point out 
that this patient was improving spontaneously and treatment may have 
liad no influence whatsoever. If it is stated that as a result of treat- 
ment of a patient at B there was no increa.se in circulation but that 
the patient was prevented from becoming any worse, it is proper to 
point out that this patient was in a stationary phase, and that the 
treatment may have had nothing to do with his remaining in this 
condition. If, on the other hand, it could be shovu that the patient 
at B showed definite improvement in eirerdation, the evidence of the 
value of the treatment would be more convincing. Similarly if the 
downward coui-se of the patient at C were inteirupted and reversed, the 
value of the treatment would be demonstrated. 
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Table II presents an indivicliial ease wliicli illustrates sueli spontane- 
ous improvement. An occlusion took place in this patient’s left calf 
in November, 1927. Previously the oscillometer reading’ at the left 
ealf ivas 4. After the occlusion it dropped to 1 / 4 . He was treated from 
November, 1927, to June, 1928, during wliich time the oscillometer 
leadings repeatedly taken showed a change from i/4 to At this 
time, for economic reasons, the patient stopped treatment.*^ Repeated 
examinations in the four following jmars nevertlieless showed a con- 
tinued rise in oscillometer readings to 2i/^. In contrast to tlie recov- 
ery that took place in tlie left calf the oscillometer readings in the 



development of maintenance of involvement of 

collateral collateral collateral 

circulation circulation circulation 

Fig. 1. — Spontaneous improvement in circulation following .sudden closure, 

right calf in response to treatment, and during the years after treat- 
ments were stopiied, remained at jiractically the same level. In the 
right ealf the occlusion had taken place jmars before in 1924. The 
right leg was in a statiouarj’’ phase and it remained in this phase 
throughout the period of observation. 

It has been claimed that prevention of gangrene following occlusion 
of a major artery demonstrates the value of a metliod of treatment. 
If the tendency to spontaneous improvement is home in mind, it is 
readily apparent that such evidence in the individual case is of little 
value. In a recent report from the klayo Clinic on 100 patients who 
had had acute occlusion and who had received little treatment of any 
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kindj it was stated that oO per cent failed to develop any gangrene.^ 
A similar case is the following, A patient, fifty year.s of age, de- 
veloped a coronary thrombosis. He remained in bed for four weeks 
and then began to walk around. Two weeks later the right lower ex- 
tremity suddenly became numb and cold, obviously due to an em- 
bolism in the right femoral arteiy. Since this patient was of rather 
stolid type and apparently did not have very severe pain, he did noth- 
ing about it for four weeks. I first examined him at this time, and it 
was evident that the circulation in the ma.jor vmssels of the right lower 
extremity had been almost completely occluded four weeks before. 
The oscillometer readings at the calf and ankle were 0. In spite of 
this serious impairment of circulation no gangrene had supervened. 
If this patient had been treated following the acute closure by the 
suction-pressure apparatus or any other form of treatment, it would 
no doubt have been claimed that the treatment was responsible for the 
preservation of the extremity. As a matter of fact .spontaneous re- 
covery was sufficient to avoid gangrene. 


T.'vble II 

O-scmuoiiETEB Eeadixgs Ileu.stratj.n'c .Si'oxt.\xix)i;s Iin>EOvr.uE.vT 


ACUTE CLOSURE IK 
KOVEMBER, 1927 

LEFT CALF 

ACUTE CLO.SUBE 

IK 1924 

BJfJJJT r-AJ.E 


October, 1927 

4 ■■ 

1 


isovember. 1927 


1 


December, 1927 

4 

1 


February, 1928 


Pen or] of treatment. 1 


Slav, 1928 

1 

1 


.Tune, 1928 

X 

1 


August, 1928 

1 

3 


.Tune, 1929 

Slarcli, 1930 

n 

J 

• 

2 

Xo treatment 3 


Februarj', 3931 


1 



A third fonn of improvement wliich is often cited as demonstrating 
the value of treatment is the healing of ulcers. Anyone who has had 
considerable experience ■ in dealing with cases of peripheral vascular 
disease, soon learns that most ulcers tend to heal .spontaneously. In 
an occasional case in which an ulcer has been present for yeans, and 
has .shown no tendency to heal in spite of rest in bed, sati.sfactoo' 
healmg under a method of treatment is impressive evidence of the 
value of such treatment. In general, however, one should be cautious 
in accepting such evidence. 

These various phases of spontaneous improvement must he borne in 
mind and evaluated before conceding that a method of therapy has 
demonstrated value in the treatment of peripheral vascular disease. 

The role of tobacco in the que.stion of improvement must also he 
evaluated. It is well known that the smoking of two or three cigarets 
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results in marked vasoconstriction of tlie peripheral vessels.^’ ^ This 
has been shown both bj?' plethysniograiDliie and by skin temperature 
studies.-’ 

Figuie 2 shows vasoconstriction after smoking’, b^* a determination 
of the teniperature of the fingers. During the smoking of two eigarets 
the temperature of the fingers fell from 32° C. to 26° C., a drop of 6 
degrees. After cessation of smoking there was a gradual return to a 
normal temperature. This effect of smoking is present in individuals 
with normal circulation as well as those with peripheral vascular dis- 
ease. The constant use of tobacco undoubtedly maintains the vessels 
in a greater degree of vasoconstriction than would be normal. There 
may be other ways in which the constant use of tobacco affects ad- 



minutes 

Pig-^ 2. — Pall in temperature of fingertips ^vhile smoking two eigarets. 

versely the circulation in the extremities. Clinical experience has 
amply demonstrated that the cessation of the use of tobacco in itself 
results in a definite improvement of circulation. In 20 instances of 
thrombo-angiitis obliterans in my experience where the disease was 
in a relatively early stage, cessation of smoking without anj- other 
form of therapy resulted in improvement or disappearance of all 

symptoms. 

Table III shows the changes in such a case. The patient was a 
physician forty years of age suffering from intermittent claudication. 
He had an oscillometer reading of V /2 at the ankle of the affected leg, 
which still indicated a fair circulation. I felt that active treatment 
was not necessai’y and advised merely cessation of smoking. A grad 
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iial increase will be noted in oscillometer readings at the anlde from 
April, 1929, to May, 1930. Associated -with this increase there was 
complete disappearance of symptoms. In May, 1930, apparently not 
convinced of the relationship between the use of tobacco and his symp- 
toms, this patient resumed sinolcing. ^Vhen seen in November the 
oscillometer reading had been reduced to 1 and tliere had been a 
]’eturn of symptoms. The patient again stopped smoking at this time 
and lias not used tobacco since. He has now been followed up to May, 
1937. Tlie gradual improvement in circulation is evident. This 
patient is now entirely sjnnptom-frce and is engaged in an active prac- 
tice which requires considerable activity. He had no treatment what- 
soever. 

Many similar instances could be cited. It is, therefore, apxmrent 
that if a i)atient is induced to stop smoking at the same time that a 
method of treatment is begun, the improvement that results may be 
entirely due to cessation of the use of tobacco and not at all to the 
treatment. In order to be certain that the cessation of the use of 
tobacco plays no role in impi’overaent, .smoking must have been 
stopped at least six months before treatment was started. 


Table HI 

O.sciiJmrETER Readings Illu-strating Ixidrovement Aitbr Cessation or 
Smoiung Without Other Treat jient 


BEIT ANKBE 

April, ]929 

H 


October, 1929 

2.i 


May, 1.9.50 

V 

Kf 

Resumed smobing 

November, 1930 

1 

Stopped .«mol;ing 

February, 19.31 
.Tune, 19.31 

24 

3 


December, 1931 

3 


•Tune, 1932 

3 


.Tanuarv, 193.3 

3 


April, 1933 

•y 


April, 1934 

34 


April, 1933 

.34 


May, 3930 

.34 


May, 1937 

44 



Finally it is necessary to consider the relationship of vasoconstric- 
tion to this question of evaluation of treatment. Until recent years 
there were no satisfactoi'y objective methods of measuring eireuiathn 
in the legs. Two methods that have been de^'eloped are now in 
general use. One of these is measurement by means of the oscil- 
lometer, and the second, measurement of skin temperature by means 
of electric tbermometei-s. Increa.ses in oscillometer readings and in the 
temperature of the toes are now frequently cited as objective evidence 
that the method of treatment employed has increased the circulation 
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in the extremities. While such objective evidence is valuable and con- 
vincing, there are certain errors in interjDretation that must be avoided. 

Regulation of the bod\' temperature is a vitallj imjiortaut function. 
It is an ext3.aoidinai’3' tact that changes in environmental temperature 
of as inueh as 50° F. are promptly compensated for by the regulatory 
mechanisms of the body so that the internal temperature remains un- 
changed at 98.6 F . One of the most important of these mechanisms 
is the regulation of the amount of blood flow in the extremities by 
means of vasoconstriction. To conserve heat when the environmental 
temperature is low the peripheral vessels are constricted to reduce the 
flow of blood. To increase heat elimination these vessels are dilated. 
The surface temperature at the tips of the extremities is usually much 
less than the forehead temperature, and the difference may be as 
much as 15° Centigrade. 

Changes in the size of the iieripheral vessels due to vasoconstriction 
are reflected in both oscillometer measurements and surface tempera- 
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Eig. 3. Physiologic variation.« in normal blood vessels. 


ture readings. Tims in a cold room with the vessels constricted the 
oscillometer reading at the ankle which is normally between 4 and 5 
may be reduced to 3 or less (Fig. 3). In a Imt room the reading ma;\ 
be as much as 6. Similarly the surface temperature of the great toe 
may be 20° C. in a cold room and 34° C. in a hot room. It is obvious 
that these fluctuations in oscillometer measurements and surface tem- 
perature readings do not indicate any disease in the blood vesse s. 
They are normal variations -ivhich are characteristic of all health^’- 

human beings. 

The degree of vasoconstriction in peripheral vessels is similarly in- 
fluenced by the mental state of the patient. Increased nervousness or 
emotional disturbance is likely to produce constriction, while mental 
relaxation will reduce this tendency. Such changes, also, are charac- 
teristic of all normal people. 

Since the function of body heat regulation by means of vasocon- 
strietion is so vitally important for good health, it is not surprising 
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that natui'e does. not relinquish it when there is disease of the periph- 
eral arteries. Even with advanced organic disease of the peripheral 
vessels there is still some superimposed vasoconstriction reducing the 
amount of blood flow to the extremity. It is only in the last stages of 
peripheral vascular disease, when the integrity of the extremity is 
actually threatened by loss of blood supply, that nature reluctantly 
gives up this ability to vary the volume of peripheral circulation. 

Figure 4 illustrates a vessel whose lumen has been encroached upon 
by organic disease. When vasodilatation is produced in such a vessel 
bj^ environmental changes the lumen is increased in size and more 
blood can flow through it. 



Fig. 4 . — Cross-section of vessel .showing encroachment of lumen by <ilsea.se i<rocess. 

Such alterations in the size of this di.seased ve.s.sel will be reflected 
in variations of oscillometer measurements and surface temperature 
readings. These changes are diagrammaticalh' represented in Pig. o, 
Wlien increased oscillometer measurements and surface temperature 
readings are offered as objective evidence of improvement in circula- 
tion, one must be sure that they are not normal variations due to dif- 
ferences in em-ironmental temperature or in the patient s mental .state. 

How then is one to avoid this difficulty ? There are two factors re- 
sponsible for the reduction in blood flow. One is the actual reduction 
of the lumen of the blood %’’e.s.sel,s by organic disease. The .second is 
the superimposed vasoconstriction. If all vasoconstriction could be 
abolished temporarily, the reduction in blood flow would then be due 
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only to tlie organic disease present. Measurements ivitli the oscillom- 
eter and the shin thermometer under such conditions ivould reveal 
the real degree of improvement resulting from treatment. 

There are many methods of temporarilj’’ eliminating vasoconstric- 
tion. For example any form of anesthesia accomplishes this purpose. 

BEFORE AlIESTHESIA AFTER ANESTHESIA 


SIZE 




OSCILLOIffiTER 1.0 
READING 


2.0 


TEMPERATURE 2S° 50° 

OF GREAT TOE 

Pig. 5. — Diagram to illustrate changes in size of lumen of diseased vessel. 



minutes 

Fig. G— Changes in temperature of great toe foRowng release of vasoconstriction by 

means of anestlicsia. 


General or spinal anesthesia may he employed, paravertebral m.iee- 
tious of novoeaine, or novocaine injections of the peripheral nerves. 
It has been found by experience that no matter which form of anes- 
thesia is used, relatively complete vasodilahation is produced." For 
practical purposes in clinic or office practice, the simplest form o 
anesthesia is most suitable. 
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This is accomplished by a novoeame injection of the posterior tibial 
nerye at the ankle. This procedure releases vasoconstriction in the 
vessels of the foot. The increased blood flow causes an elevation of 
temperature which attains its maximum in about fifteen or twenty 
minutes (Fig. 6). The oscillometer measurement taken at the ankle 
refleels the maximum dilatation possible in the diseased vessels. The 
maximum temperature of the great toe and the maximum oscillometer 
measurements obtained under such conditions are objective measure- 
ments of the circulation when the vasoconstrictor factor is completely 
eliminated. A comparison can be made under similar conditions six 
months later, and if at that time increased readings can be demon- 
strated, the evidence of improvement is convincing. Table IV illus- 
trates comparative readings made in this manner. 

Table IV 

Co^n’ARATlVE Measl'kemen't.s op Circulation' Before and ArrEii TREATiiENT 

BEFORE anesthesia AFTER ANESTHESIA 


Oscillometer reading 

1.0 

Before Treatment 

1.5 

Temperature of toe 

25 


29.5 

Oscillometer reading 

1.5 

After Treatment 

2.5 

Temperature of toe 

25 


P,1.5 


All of the cases coming for treatment to a large eirculatoiy clinic 
are not suitable for evaluating the results of treatment. Prom among 
them, however, certain patients can be selected Avho may serve this 
purpose. The ideal ease is an individual who has had intermittent 
claudication for at least two or three years so that the phase of .spon- 
taneous improvement has passed ; one who has stopped smoking for 
more than a year; and perhaps one who has been treated for a con- 
siderable period by some method without improvement. This will 
rule out any psychic factor due to contact with the phjLsician and will 
show that spontaneous improvement is not taking place. The circula- 
tion in such a patient should be .studied by means of oscillometer read- 
ings and temperature studies after complete vasodilatation has been 
produced under anesthesia. He is now ready to be treated. If during 
the next year he shows steady subjective improvement and this im- 
provement is supported by objective evidences, such as increased 
oscillometer and temperature readings under controlled conditions, 
we may permit ourselves to accept such evidence as indicating the 
value of the treatment. 


SUMIIARY 

During the pa.st decade a great variety of methods of treatment have 
been proposed to improve the circulation in individuals with peripheral 
vascular disease. Critical evaluation of these methods requires that 
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certain factors be determined. These are the tendencj’ to spontaneous 
improvement after arterial occlusion, the effect of cessation of smok- 
ing and the normal variations in vasoconstriction due to environmen- 
tal changes in temperature and in the patient’s ps.ychie state. Evi- 
dence of improvement can be accepted as indicating tlie value of a 
form of treatment only if it is shovm that these factors have been 
eliminated. 
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PAKOXYSMAL BUNDLE-BRANCH BLOCK ASSOCIATED WITH 

HEART DISEASE 

A Review and an Analysis op the Literature, With Thirteen New 
Cases and No'J’es Upon the Influence of the Vagus® 

Wilfrid J. Comeau, M.D.,f Boston, Mass., 

Jajies G. M. Hamilton, M.B., Cn.B,, M.R.C.P., EDiNDURGH,t 
AND Paul D. White, M.D., Boston, Mass. 

T he increasing number of cases of transient or recurrent bundle- 
branch block which liave been reported during the past few years 
indicates that this condition is not an uncommon one. Many of these 
cases have been classified as essentially functional, a term which in many 
instances is misleading. From a .stud 3 '^ of the literature and from our 
o^vn material it is evident that a clear differentiation is important be- 
tween the group associated with organic heart disease and the group 
described by Wolff, Parkinson, and White”'^ with apparentlj’’ congenitally 
vdde QRS waves and short P-R intervals. In the latter, the delay in 
intraventricular conduction is of no serious significance. In the former 
the periods of bundle-branch block are primarilj^ due to abnormal 
changes in the conducting tissue and are to be considered a manife.sta- 
tion of advanced heart disease. In .some cases of this group certain 
physiological factors, paitieularly changes in vagal tone, may indirectly 
influence intraventricular conduction and be immediatelj" responsible 
for the appearance or disappearance of branch block. In such cases, 
however, it is not justifiable to conclude that the vagal action is pri- 
marily or whollj^ responsible for the fluctuations in intraventricular 
conduction. 

That tjTie of bundle-branch block which is associated with very .short 
P-R intervals has been thorough^' defined and well investigated and 
will be described onlj* brieflj^ in this report. The cases to be reported 
are confined to the group a.ssociated with organic heart disease with the 
po.ssible exception of one case (Case 1). There are thirteen examples of 
this tjTie of intermittent or tramsient bundle-branch block which have 
come to our attention during the pa.st few j'ears. In five cases we have 
recorded the transition from one degree of conduction to another. Ob- 
servations directed toward studying the effect of changes in vagal tone 
in causing transitions to or from bundle-branch block were made in 
six cases. 

*From the Thorndike Memorial Laboratorj% Second and Fourth Medical Servicea 
(Harvard), Boston City Hospital, the Cardiac Clinic of the Massachu.selts General 
Hospital, and the Department of Medicine, Harvard Medical .School. 
tCardiac Research Fellotv, ^ilas.sachu.sctts General Ho.spltal. 

JFrom the Department of Medicine, University of Edinburgh. Commonwcaltli 
Fund Fellow. 
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Cases With Wide QRS Waves and Short P-R Intervals 

Tills gioiip belongs to tlie type of liiiiidle-brancli block studied and 
desciibed by Wolff, Parkinson, and W^bite in 1930, They presented a 
s.'^ndrome wliieh is characterized by a distinctive electrocardiographic 
pattern, consisting of wide QRS complexes with short P-R intervals, oc- 
curring' usually in young persons without other evidence of heart disease 
who are, prone to attacks of paroxysmal auricular tachycardia., flutter, or 
fibrillation. There may lie a reversion to the normal form spontaneously, 
during the paroxysmal tacliyeardia, after exercise or after tlie admin- 
istration of atropine or quinidine. Holzmann and Scherf”® in 1932 and 
Wolferth and Wood"’® in 1933 have piiblislied critical studies of this 
condition and have independently suggested a very plausible explana- 
tion of its meelianism. They believe that the abnormal ventricular com- 
plex does not represent a block in a bundle branch but that it is due to 
the earl}* arrival of an auricular impulse i]i one ventricle by way of a 
short-circuiting conducting bundle, such as a bundle of Kent. Although 
this is the probable mechanism, the eleetrocardiograpliic abnormality is 
still commonly classified as bundle-branch block and it will be so termed 
in this report. Some of tliese eases have now been followed for a number 
of years wdthout manifestation of heart disease and consequently this 
condition is best considered at the present time simply as an unusual 
variation of the normal cardiac mechanism. 

There should also be included among the inconsequential cases those 
rare individuals witii no apparent cardiovascular disease in whom a 
bundle-branch Ijlock manifests itself after a prolonged period of par- 
ox}'smal tachycardia. This is interpreted as indicating fatigue of one 
of the bundle branches by the prolonged rapid rate. It has been pointed 
out, however, that this is most likely to occur in individuals in whom 
there is heart disease, so that such a finding should probably alwa.ys be 
regarded with some suspicion. 

TYPE ASSOCIATED WITH HEART DISEASE 

In selecting eases from the literature, as Avith our own cases, we have 
limited ourselves to the classical form of bundle-branch block with Q-S 
intervals of 0.12 second or over, except for a few instances in which the 
intraAmntrieular conduction time was over 0.10 but under 0.12 second. 
In the latter a marked change to or from a bundle-branch block shape of 
QRS complex in association yvith the prolongation of intraventricular 
conduction seemed sufficient to warrant their being interpreted as branch 
block. We have not included cases in which there has been only a slight 
change in the intraventricular conduction time or in which only isolated 
complexes showed bundle-branch block. Throughout this report the 
nomenclature’ proposed by Wilson and his coworkers'- will be employed 
to indicate the bundle branch AA-hich is affected. 



278 


THE a:^iericax heart jotjrxal 


CASES 

Cases 1 to 8 have been observed by us. Cases 9, 10, 11, and 12 v/ere 
taken from hospital records. Case 13 vas seen in private practice by an 
associate.'^ In the follovin" cases the pulse and heart rates have been 
measured in beats per minute, the blood pressure in millimeters of 
mercury systolic and diastolic, and the Q-S and P-R intervals in sec- 
onds, and will be recorded simply nuraericallj* in the reports. 

Ca.se 1. — A. S., female, age<l forty-one year.c, entered tlie Boston City Ho.spital on 
•Time 21, 193.5, and was di.=diar{(ed on An"ust 31, 1935. 

filie complained of flic profp-e.sr-'i're development of .‘evere pain and swelling of 
her ankles for four day.e. For the preceding fu'c weeks she had had vague migratorj' 
joint pains. Tliere had been no recent infection and there were no cardiovascular 
.‘^ymptom.s. The jiast iii.storv' was negative for rheumatic fever, arthritis and chorea. 

Examination showed a fiatient who, although not acutely ill, was in obvious pain. 
The temperature was 100,2° F. and the jmlse rate was 108. A soft, localized, apical, 
systolic murmur was the only abnormal physical finding in the heart. X-ray films 
of the heart .showed it to be normal in size and shape. The blood jiressure was 110/70. 
Both feet and anldes were swollen and exquisitely tender on motion. With the ex- 
ception of a few carious teeth no other abnormalitic.s were found. 

LaTjoratory Bata. — ^Eepeated urine ejmmination.s, red and white blood cell counts, 
and hemoglobin determinations were normal. The corrected sedimentation rate 
(Emstene method) showed the Iiigh value of 1.2 mm. per minute when done a few 
days after admission. Periodic determinations showed a gradual fall to 0.40 mm. 
per minute during the course of tlie following eight weeks. The blood Kahn reaction 
was negative for ^•pliilis. Cervical smears revealed no gonococci ami the gonococcal 
complement fixation test was reported as doubtful. The ankle joints were normal 
by x-ray. 

Course. — She became clinically well after a fev,' days. The temperature and 
joint pains subsided under sodium salicylate therapy. The systolic murmur disaic 
peared and there Avas no clinical evidence of heart di.sease. The jiatient Ava.s fol- 
loAved regularly through 1930 and remained well, with no definite .signs or .symptoms 
of heart disease. 

Electrocardiograms. — (Fig. 1.) Daring the eight weeks in the hospital eight 
routine electrocardiograms Avere taken and all but two shoAved right bundle-branch 
block (Q-S 0.12-0.14,' P-B 0.10-0.18). The normal records (Q-S 0.07-0.08, P-E 0.18- 
OAIO) ajjpeared in the fourth and sbrth AA'eeks. Ec-cords shoiving right bundle-branch 
block Avere also obtained in September and October, 1935, and April, Xovember, 
and December, 1930. The cardiac rate during branch block varied between CO ami 
12-5, while during normal conduction the rates were 70 and 71. All records showed 
rather low amplitude of the QES complexes but there were no T-wave changes in the 
records shoAving normal conduction. 

Diagnosis. — Acute rheumatic feA'er- 

Ohservaiions . — Observations AA'cre made on August 13, 14, 15, 10, and 30, 1935. 
Bundle-branch block Avas pre.“ent when each of the following procedures was applie'l- 
No opportunity wa.s presented for studying their eiiects on normal conduction be- 
cause the ob.serA-ed normal periods were too short. 

*For permi.'.sion to inclu'ie Crises S ami S. Care 10. Case II. an'l Care 13. we are 
indebte'l reHr>ectiA-ely to Dr, Ca<lts Phipp-s. an'l Dr. .1, A, P’oley of the Boston City 
Hosieml. an<l Dr, Ashton Oravbiel on'I Dr, H. B, Hvntuae of tTu- aehusett.® CeneraJ 
Hospital. For an eleclrocan-licjram in Case 7 we thank Dr. C. K. ComstocK ox 
Haratoya Sprjnn.s. X, y. 
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Carotid Sinus Pressure: On August 13 transitions to normal were associated with 
carotid sinus pressure on five out of nine trials. On all of these occasions the 
transitions to normal conduction accompanied a reduction in heart rate and with 
reversion to a higher rate bundle-branch block reappeared. These transitions were 
usually associated with gradual alterations in heart rate although the changes in con- 
duction took place suddenly without intermediate complexes. During the periods of 
normal conduction the heart rate varied between 75 and 85 while during bundle- 
branch block it ranged from 79 to 94. The rates below So with bundle-branch 
block occurred in those cycles just prior to transitions to normal conduction. On 
the occasions when no transitions occurred with carotid sinus pressure the minimTim 
rate recorded was 85. 

The effects of carotid sinus pressure were tested sixteen times in the course of the 
subsequent observations in August. ISTo transitions to normal conduction occurred 
in spite of slowing of the rate which in two records on August 31 reached 49 and 54. 



Pig. 1. — Case 1. A, (Aug. 5, 1S35) normal conduction. B, (Sept 27, 1?35) right 
bundle-branch block. G, (Aug. 13, 1935) continuous record showing transition from 
right bundle-branch block to normal 'Conduction produced by bilateial ^rotid smi^^^^ 
pressure (duration indicated by the vertical white signal Imes) .^nd return to hrancl 
block with release of pressure. Numbers refer to the B-R intervals and are in 
0.01 sec. Time-marker 0.20 and 0.04 sec. 


This sloudng was the maximum obtained at any time. In the other fourteen trials 
the minimum heart rate was 85. Although slowing occurred, similar negative results 
were obtained in December, 1936. 

Oculocardiac Peflex:. This was tested on August 13 and 15. On the thirteenth 
the rate slowed from 94 to 75, with a change to normal complexes appearmg when 
the rate was 79. On the fifteenth there was slowing from 100 to So without a transi- 
tion. 

Posture: On changing the position from sitting to reclining or vice versa 
transitions were recorded on two of six trials. On August 15, bundle-br.anch block 
was present at a rate of So in the sitting position and normal conduction at a rate 
of 75 in the reclining position. On August 16, normal conduction was present in 
both positions at a rate varvdng from 72 to 85 except for one period of sLx branch 
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block complexes (rate 75 to 79) wliicli appeared and disappeared while the patient 
was sitting. On August 14 and HO, branch block was present in both positions with 
a minimum rate of 79. 

Effect of Mild Exercise: This was tested on August JH and 14. No records were 
taken pi-ior to exercise. On the former date the rate slowed from 94 to 88 without 
improvement in conduction. On the latter the rate slowed from 88 to 79, normal 
conduction being present when the rate was 83 or less. 

Nitroglycerine: Nitroglycerine, 0.(55 mg., was administered in the usual manner. 
No alteration from branch block took place and the rate reached 1.10. 

Atropine: Atropine sulfate, 1.0 ing., was injected intravenously. The heart rate 
rose to 135 and bundle-branch block persisted throughout. 

Spontaneoits Transition: On August 14 normal conduction (rale 85 to 88) was 
present throughout a control strip lasting 17.7 seconds, except for one period of 
six branch block complexes at a rate of 88. 

Gommeni . — Although it is difficult to draw general eonclu.sions from 
these observations the factor of cardiac rate seems to he an important 
one. Except for two .short runs of bundle-branch block, normal conduc- 
tion was always a.ssoeiated with a slower cardiac rate than the preceding 
or succeeding periods of block. This was particularly well shown on 
August 13 when transitions occurred at an apparently critical heart rate 
of about 85. The evidence indicates tliat the cardiac rate during the 
oh.servations was a major factor in delcrmitiing the pi'esenee or absence 
of bundle-branch block in the early period of the patient’s course. The 
fact that it became progressively more difficult to influence the block 
during the latter part of August 1935 and the fact that normal conduc- 
tion never appeared subsequently, cither spontaneously or when every 
attempt was made to induce it a year later, strongly suggest that an 
organic factor was present which eventually caused permanent block to 
be established. 

That the block was not the result of direct vagal influences was demon- 
.strated by the inabilirt of atropine to abolish it. It is quite probable 
that the increased heart rate which followed the administration of nitro- 
glycerine may have offset any effect which coronaiy dilation might have 
had in improving the conduction. 

Although we cannot definitely determine the nature of the organic 
changes Avhich progressively damaged the right bundle branch wc are 
tempted to attribute it to pathological changes incidental to a rheumatic 
infection. It is possible that rheumatic involvement of the .small coro- 
nary twig supplying the right bundle In-anch may Jiave resulted in 
gradual occlusion and ultimate fibrosis of the branch.* However, there 
is sufficient reason to Avarrant caution in definitcil.v classifying the etiol- 
ogy of the branch block as rheumatic since there were no other manife.sta- 

•Y.'iter bus vftcenUj' report'.-J, at llie annu.'il .‘icfentific meetfriRr of the AnieHcan 
Heart A.=8ociation (June 8, 1937), .six new ca-ses of bundle-branch block studieo 
carefully po.st mortem by .serial sections. Two of these p.atients had chronic riicu- 
matlc heart disease and their electrocardiograms had shown riglit bundlc-brancn 
biock. In both. Vatcr found complete Interruption of the riRlit bundle branch y.itn 
Ics.s damaije to the left. He suirgested that rheumatic involvement of ttic nrancOj- 
of the coronary .arterj- .supplying- the conducting ti.ssue may have been the pathological 
proce.s.s in these ca-se.s. 
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tioiis of rlieiimatic carditis and since it is kuonni incideiitallj that de- 
layed A-V conduction in acute rheumatic fever usually disappears. At 
present, liowever, the riieumatie etiology seems more likely than anv 
other. 

Case 2. C. McD., fenrale, aged thirty-eight yeai’s, entered the Boston City 
Hospital for tJie first time Jan. 3, l.QgG, and •vva.s discharged April 1(5, 3936. 

She liad been active and veil until three months before admission, at which time 
dyspnea on exertion gradually appeared and became progressively worse. Edema of 
the feet and ankles had appeared a month before entry. There was no previous his- 
tory of rheumatic infection. 

^Examination showed a slightly enlarged lieart with a regular -rhythm and a rough 
but faint apical systolic murmur. X-ray cardiac measurements were; to IJie right 
of the median line 3.4 cm., to tiie left 9.9 cm., internal diameter of the thorax 25.0 
cm. and great blood vessels 5.5 cm. The blood pres.sure was 105/65. The lungs were 
clear. Tlie liver edge was 3 cm. below the costal margin and there was moderate 
pitting edema up to the knees and in the .sacral region. No other abnormalitie.s 
were observed. 

Laboratory Data . — Urine and^ blood examinations were negative on admission 
but the leucocyte count rose after ten days in the hospital and remained between 
10,000 and 14,000 per cu. mm. until discharge. Tlie corrected sedimentation rate 
(Ernstene method) fluctuated between 2.90 and 0.70 mm. per minute. The Kahn 
test on the blood was negative for .syphilis. Total serum proteins were 6,2 gm. per 
cent, with an albumin-globulin ratio of 1.0. Blood cultures .showed no growth. 

Course . — The patient was digitalized and given routine cardiac treatment. There 
was temperature up to 100° E. in the evenings and a pulse rate between 90 and 
100 for two weeks. She was then given acetyksalicylic acid and the temperature 
and pulse rate promptly subsided. Symptomatically she improved gradually but 
she was kept in the hospital for a number of weeks because there was evidence of 
active infection. 

The patient was readmitted on Oct. 1(5, 1.936, and was discharged on Feb. 20, 1937. 

Since, her previous admussion she had remained fairly well except for slight 
dj'spnea on exertion until one month before rcadmission when .she began to experience 
dull nonradiating substernal pain unrelated to food or exertion. Tliis pain came 
during night or day and lasted about an hour. The d 3 'spnea on exertion became 
Avorse, palpitation Avas more marked, and edema of the ankles returned. 

Examination rcA’e.aled essential!}' the same signs in regard to the cai’dioA'ascular 
SA'stem except that a slight bulge Avas noted on fluoroscop}' in the region of the loft 
auricle Avhicli Avas interpreted as a rheumatic deformitA'. Some dullness, diminished 
breath sounds, and moist rfiles avci'C found at the right lung base. A varying 
amount of edema Avas present during her staj' in the hospital. 

Laboratory Data.— Urine and blood examinations Avere negative except for the 
leucocyte count Avhich varied betAveen 5,000 and 13,500. The corrected sedimentation 
rate was O.GS mm. per minute on admission and thereafter fluctuated betAA'cen 0.40 
and 1.30 mm. irer minute. Tlie serum proteins AA-ere normal. 

Cou?-se.— For a time she improA'cd, but periodic Ioav fever ])crsistcd, and dyspnea 
and edema recurred AA'hen she AA-as alloAA'cd up. On Feb. 1, 193/, her tonsils AA-ere 
removed and bilateral tonsillar abscesses drained. FoIloAving this operation there 
was a distinct but gradual improvement and she was discharged nineteen days later, 
fever, dyspnea, and edema haA'ing disappeared. 

Electrocardiograms.— {Eig. 2.) From Januaiy to April, 1936, nine routine electro- 
cardiograms Averc taken. The first fAvo, taken on .Tanuary 9 and 16, showed left 
bundle-branch block ’ (Q-S 0.12-0.14, P-K 0.20). The remaining seven .-bowed 
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normal conduction (Q-S 0.07-0.08, P-E 0.16-0.20). During the second admission ten 
routine records were taken. The tir.st, on October 17, sliowed left bundle-branch 
block (Q-S 0.12-0.14, P-E O.IG). On December 14 there was delayed A-V conduc- 
tion (Q-S 0.08, P-E 0.23) and on February 10, 1937, intraventricular conduction 
was slightly prolonged (Q-S 0.10-0.11). The remaining seven records taken at in- 
tervals throughout her course showed normal conduction (Q-S 0.07-0.08, P-E 0.16- 
0.20). The records showing normal intraventricular conduction also showed left 
axis deviation and diphasic or inverted T-waves in Lead I, attributed to digitalis. 
In neither admission was there a constant correlation between the cardiac rate and 
the form of the electrocardiogram. 

Diagnosis. — ^Myocarditis, ? rheumatic. 

Oiservations . — On October 19 an observation was made on the influence of 
respiration. Three transitions from normal conduction (Q-S 0.06, P-E 0.14) to left 
bundle-branch block (Q-S 0.10-0.12, P-E 0.14-0.16) occurred spontaneously during 



Fig. 2 — Case 2. A, (Jan. 9. 193C) left bundle-branch block. S, (Feb. S, 193G) 
normal condition. C, (Oct. 20, 1936) continuous record showing BponUincous appear- 
ance and disappearance of left bundle-branch block during quiet rc-spiration in the 
sitting position. Numbers refer to the R-R intervals and are in 0.01 sec. Time- 
marker 0.20 and 0.04 sec. 


quiet respiration in the recumbent position. Deep sustained inspiration and expira- 
tion did not change normal conduction to branch block. On October 20 no periods 
of branch block were observed during quiet respiration, inspiration, expiration, or 
carotid sinus pressure with the patient recumbent. In the sitting position, however, 
periods of left bundle-branch block (Q-S 0.11-0.12, P-E 0.14) were recorded on nine 
occasions, the longest lasting eighteen seconds. Although the effects of the pro- 
cedures mentioned above were tested, these periods of defective conduction all oc- 
curred during quiet respiration either before or after some procedure was carried 
out. On October 21 one short period of bundle-branch block (9 complexes) was 
recorded during quiet respiration in the recumbent jjosition. In the sitting position, 
however, during quiet respiration consecutive records by tlie three standard leads 
covering flfty-nine seconds showed branch block throughout. 
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It was an invariable finding during tliese observations that when bundle-branch 
block was present the heart rate was greater than during normal intraventricular 
conduction. The periods of branch block showed rates varying from 8G to 104 while 
the rates during normal conduction varied between 62 and 95. The average difference 
in rate between periods of defective conduction and the preceding or succeeding 
periods of normal conduction was 10 beats per minute, with extremes of 4 and IG. 
The changes in rate were gradual and occasional transitional complexes were seen. It 
should be noted that here, as in Case 1, although there was an association between 
the cardiac rate and the form of the electrocardiogram at the time of these ob- 
servations, no such association existed from day to day as manifested in the routine 
tracings. 

Comment . — ^In eaeli admission left bundle-branch block was recorded 
during the early period when the clinical evidence of poor myocardial 
function was most marked. "With improvement the branch block disap- 
peared. Consequent^ we feel that tlie tendency toward block was de- 
pendent primarily upon the state of the m3'ocardinm and that the cardiac 
rate, at times, was the immediate factor determining the absence or pres- 
ence of defective conduction. Tlie natural tendency for the heart rate to 
increase when a person rises to the sitting position may account for the 
fact that transitions to branch block occurred more frequentl.y in this 
position. 

Case 3. — M. R., negress, aged fifty-one 3 'ears, was admitted to the Boston City 
Hospital April 14, 1936, and was discharged May 30, 1936. 

She complained of having had slowly increasing dyspnea on exertion for five 
years and of swelling of the anldes for one year. During the four months prior to 
admission she had become much worse, Avith dyspnea at rest and attacks of paroxysmal 
nocturnal dyspnea. There was no substemal pain. She had known of arterial hjper- 
tension for three years before entry. 

Examination revealed great dyspnea and slight cyanosis. There vras marked nar- 
rowing of the retinal arteries and the peiapheral arteries vrere thickened and tortu- 
ous. Tlie heart Avas enlarged, tlie. apex impulse being in the fifth intercostal space 
3 cm. beyond the midclavicular line. X-ray cardiac measurements were: to the right 
of the median line 6.0 cm., to the left 11.0 cm., internal diameter of the thorax 25.0 
cm., and great blood vessels S.O cm. The hearf shoAA’cd general enlargement. The 
rhythm was regular, but the heart sounds AA'ere of poor quality. There was a proto- 
diastolic gallop rhythm and a high pitched bloAving apical SA'stolic murmur. The 
blood pressure was 168/140. Numerous moist rales were heard at the lung bases. 
The liver edge Avas not felt and there Avas no dependent edema. 

Eahoratory Daia.~The urine shoAved an occasional trace of albumin. The urine 
concentration test showed a minimum specific gravity of l.OOS and a maximum of 
3.012. Tlie phenolsulphonephthalein test showed an excretion of 55 per cent of the 
dye in two hours. The blood nonprotein nitrogen varied between 26 and 30 mg. 
per cent. The total blood serum protein was 5.1 gm. per cent. 

Course . — With routine cardiac therapy the patient made a slow recovery but her 
convalescence was interrupted by bronchopneumonia. The blood pressure fell to 
140/100. She was. followed after her discharge and when last seen on April 15, 
1937, she complained of substernal oppression, dyspnea on exertion, palpitation, and 
nervousness. There was no edema. Her blood pressure was 204/130. 

Electrocardiograms.— (Fig. 3A.) During her hospital stay sLx routine records 
Avere' taken. On May 7 and 27 there was normal conduction (Q-S 0.10, P-E 0.16- 
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0.18) witli rates of GS and 70 re.specth’ely. Tlie records on April ly, May 14, 19, 
and 20 showed left bundle-branch block IQ-S O.IG, P-R 0.18) with rates %'arying 
from 07 to 85. During eleven months following di.scharge eight record.s were ob- 
tained. In June, .Juh', and ICovember, 1980, and -Tanuarj' and April, 19.37, left 
bundle-branch block (Q-S 0.14-0.1G, P-K 0.14-0.1G) was pre.^^fint with rate.s varv-ing 
from So to 105. In August, 19.3G, and February and March, 1937, there v.'a.s normal 
conduction (Q-S 0.10, P-E O.IG) with rate.s of 78 to 81. Wlien normal conduction 
was pro.sent the records showed left axis deviation v.-ith inverfed T-waves in Lead I 
and low upright or inverted T-waves in Lead II. 

Diagnosis. — Hj-pertensive heart disease with left ventricular failure. Broncho- 
pneumonia. 

Observations . — On May 19, 0.3 c.c. of arnyl nitrite was inhaled. The heart rate 
rose from 109 to 124. Xo alteration to normal conduction took place. On lifay 25 
normal intraventricular conduction was present throughout in spite of deep .sustained 
in-spiration and expiration. On .Tan. 7, 1937, tvlien bundle branch block tvas pre.sent 
the application of right and left carotid sinus pressure did not alter either the heart 
rate or the conduction time. Mdien normal conduction was yme.^ent on February 4 
carotid sinus pre.-^sure again failed to influence either the rate or the conduction and 
sustained inspiration and expiration were likewise ineffective. Climbing one flight 
of stairs rai.sed the rate from 77 to 108 but normal conduction remained. 

Commeiit . — ^No correlation wa.s found between the clinical .state of the 
patient and the pre.sence or absence of braneli block. It is po.ssible that 
the cardiac rate played some role in detenninin" tlie degree of intra- 
ventricular conduction, but the T-wave changes strongly snggc.st that 
coronaiy arteiy disease affecting the left Itundle branch was the major 
factor in this patient. 

CA.sn 4. — P. D., male, aged fifly-.six year.«, was admit led to the Boston City 
llo.spitiil for the first time May 27. 1930, and was di.s'diarged .Tune 4, 1930. 

He complained of weakne-ss of the right side of the face and inability to .speak 
both of sudden onset and of one day’s duration. 

Examination revealed a right facial paraly.si.s of the central type and a motor 
aphasia. The heart was enlargi'd. X-ray cardiac mea.'-urements were; to the right 
of the median line 4.5 cm., to the' left 10.0 cm., infernal diameter of the 
thorax 29.0 cm. and gre;it blood ves.'-^ds G.5 cm, Tlie rhythm was normal but there 
was a loud rougli ajiictil sy.stolic murmur. The bloofl jiressiire was 220/118, There 
were many moi.st rales at both lung hasa.~. Xo dejjendent edema was pre.'^ent. 

Laboratory Data . — The urine contained a trace of albumin and the blood nonpro- 
tcin nitrogen was 28 ing, jier cent. Blood cell <a)unts were normal. The blood 
Hinton reaction was negative for syphiH?- 

Course . — ^Tiie patient imjiroved gnidoally and was di.whtirged with a slight residual 
paralysis stnd moderately slurred speech. The bloo<l pres.-ure on di.^charge was 
18.5/110. 

He was readmitted to tiie ho.spita! Oct. 4, B»3G, and was di.-charged Oct, 17, 
193G. 

At this time he complained of increasing dy.'-pnea and fatigue for three weeks. 
He had liad several attaclts of paroxy.smal noi;turnal d;.'.-pnea during this period, 
recent re.^piratoiy infection liad increa.sed his .symptoms. 

Examination revealed e.=.sentia]ly the same clinical and x-ray findings tis before- 
There was still a re.-idual right facial wettkne-s and slurred sjiecdi. The blood pres- 
sure was 23.5/120. 
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Laboratory Data . — Uriue and blood were essentiall}' normal. The plicuolsulplione- 
phthalein test showed (io per cent excretion of the dye in two liours. The urine 
concentration test gave a mininiuni specific gTavif}- of l.OOS and a maximum of 
1 . 011 . 

Course . — He was digitalized and Avith routine cardiac care he improA'ed rapidly. 
The blood pressure on discharge was 18.5/.9.5. He Avas seen again in January, 1937. 
He had considerably restricted his mode- of living and as a result he had few 
cardiovascular symptoms. At thi.s time slight apical systolic and faint aortic di- 
astolic murmurs were found. The blood pressure was 180/70’. 



Fig. 3 A, Case 3. upper, (May 20. lOSO) left bundle-branch block. Lower, (May 

^''p.^’clLT'SerTocf ^1936 left bundle-branch block in Leacbs- I and IT. normal 
"°LoAvir(OcL"l%™b) nornml conduction. Time-marker 0.20 and 0.04 sec. 


Meotrocardwyraj,is.~(Fig. 3L.) The only record taken during Ins first admis- 
sion showed normal conduction (Q-S 0.10, P-E 0.14) witli a rate of 70. Two days 
after readmission the first routine record .showed left bundle-branch block (Q-S O.lh, 
P-E O.IG) in Leads I and 11, with a rate of (57, ivhile Lead III showed normal con- 
duction (Q-S O.OS, P-E 0.10), with a rate of 62. Three more routine records at this 
time and two taken in January, 1937, all showed normal conduction (Q-S 0.08-0.10, 
P-E 0.16-0.20) at rates varying from 60 to 75. In all records the T-uaves in 
Leads I and II were diphasic or inverted and usually were of low origin. T^ft 

axis deviation was present. 
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Diagnosis . — ^Hypertensive and coronary lieart disease with slight aortic regurgita- 
tion. Left ventricular failure. Cerebral thrombosis. 

Observations.— -On October 9 sustained inspiration and expiration, as 'well as 
changing the posture from lying to sitting, did not alter normal conduction. Eight 
carotid sinus pressure with the patient recumbent induced sinus standstill and an idio- 
ventricular rhythm at a rate of 35. Tlie same procedure in the sitting position in- 
duced sino-auricular bradycardia (rate 48). Left carotid sinus pressure in both 
positions induced complete A-V dissociation (auricular rates 46 to 48, ventricular 
40 to 48). Ho change to bundle-branch block occurred. On January 11, 1937, right 
and left carotid sinus pressure induced sinus standstill with an idioventricular 
rhythm (Q-S 0.08-0.10) at rates of 33 to 37. 

Comment . — Tlie only recorded episode of bundle-branch block in this 
patient occurred during a period of left ventricular failure and it is 
probably to be related to the temporary myocardial dysfunction and pos- 
sibly to coronary artery disease. The block was probably intermittent 
during this period in spite of the fact that only one such episode was 
recorded. 

Case 5. — ^L. H., male, aged forty years, rvas admitted to the Boston City Hospital 
for the first time on Jan. 19, 1926, and was discliarged Pcb. 6, 1926. 

He gave a previous history of severe acute rheumatism at the ages of fourteen 
and thirty-six years. Three weeks before entry he caught a "cold^’ and migratory 
joint pains developed four days before he came to the hospital. Por five years he 
had noticed palpitation and some dyspnea on exertion but he had not been incapaci- 
tated by these symptoms. 

Examination revealed a slightly enlarged heart, ivith the left border of dullness 
10.5 cm. to the left of the midstenial line. Tlie lieart rhythm was regular and the 
rate was 65. A blowing apical systolic murmur and an early blowing diastolic 
murmur at the base were present. The blood pressure was 125/85. Moist rules 
were heard at the lung bases but engorgement of the cervical veins, palpable liver 
and edema were absent. 

Laboratory Data . — Tiie urine and blood examinations and Wassermann reaction 
were negative. 

Course . — ^He was treated with sodium salicylate and his joint symptoms cleared 
rapidly. 

He entered the hospital for the second time Dec. 19, 1932, and was discharged 
Jan. 24, 1933. 

Por two weeks prior to admission lie had suffered from frequent “fainting spells," 
His cardiovascular symptoms had remained of mild degree. 

Examination showed the heart to be of essentially the same size as before. The 
rliythm was regular. (Variations in cardiac rates arc given with electrocardiograms.) 

A systolic thrill was felt in the aortic area and there were present characteristic 
aortic and mitral systolic and diastolic murmurs. The blood pressure was 122/70. 
There was no evidence of heart failure. 

Course . — Wliile in the hospital he had frequent syncopal attacks when no heart 
beats were heard. He was treated with ephedrine sulfate by mouth. These seizures 
ceased after two weeks. 

At the age of fifty years he was admitted for the third time Dec. 30, 1936, and 
was discharged Jan. 7, 1937. 

He had been followed since his previous discharge and in 1934 his pulse had become 
permanently slowed at a rate of approximately 35. He had, however, experienced 
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no syncopal attacks nntil the day of liis admission when lie had two while in bed. 
Slight dyspnea on exertion had persisted but there were no other cardiovascular 
symptoms. 

JExammation showed no essential changes from the Undings recorded above except 
for a heart rate of 38 and a blood pressure of 135/70. X-ray cardiac measurements 
were: to the right of the median line 6.0 cm., to the left 11.0 cm., internal diameter 
of the thorax 29.0 cm., and gi’eat blood vessels 5.5 cm. There was no evidence of 
heart failure. 

Course . — He remained comfortable and had no syncopal attacks. Ephedrine 
sulfate was given without appreciable change in heart rate. 

He was admitted for the fourth time April 1, 1937, and he died April 6, 1937. 

Sore throat and epistaxis developed three weeks before entry and were followed 
by hot painful swelling of the wrists. The joint pains and malaise persisted until 
admission. His cardiovascular symptoms had remained unchanged. 

Examination showed large injected tonsils and mild cer\-ical adenitis. The wrists 
were red, swollen, and tender. The cardiovascular findings were essentially the same 
as were present on the previous admission. The temperature was 101.6° F. 



Fig-. 4. — Case 5. A, (Jan. 21, 1933) normal conduction. B, (Jan. 5, 1937) left bundle- 
branch block and complete A-V dissociation. Time-marker 0.20 and 0.04 sec. 


Laboratory Data . — The urine contained a .small trace of albumin. The blood was 
normal. 


Course . — ^He was given sodium salicylate and the fever disappeared in twenty - 
four hours. The heart rate on admission was 95, but on the evening of the second 
day he had three attacks characterized by convulsions and loss of consciousness. 
At this time the cardiac rate was found’ to be 2S. He was given ephedrine and had 
no more attacks. He appeared to be improving but on the fifth day was found dead 
in bed. 


Electrocardiograms.-{-Fig. 4.) During his first admission two routine records 
showed normal sinus rhythm (Q-S O.OG, P-R 0.18-0.20) with rates of 60 to 67. In 
the early part of his second admission one record showed complete A-V dissociation 
with left bundle-branch block (Q-S 0.14), two showed complete A-V dissociation 
with a lesser degree of intraventricular block (Q-S 0.12-0.14) and one .showed 2:1 
A-V dissociation with left bundle-branch block (Q-S 0.16, P-R 0.20). The ventricu- 
lar rate varied from 41 to 46. During the la.st four weeks of this ho.spital stay two 
records showed slight retardation of intraventricular conduction (Q-S 0.11-0 12) and 
four were normal (Q-S 0.06-0.10, P-R 0.14-0.20) the rate varying froni 60 to 84. 
Two routine records were taken during the third admission. Both showed complete 
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A-V disKOciation and left bundle-branch block (Q-S O.Ki) with ventricular rates of 
43 and 40. During hi.s last .stay in ho.spital three records were taken, all on April 2. 
At 10 A..M:. there was complete A-V dis.sociation, the auricular rate being 110 and 
the ventricular 88, with right bundle-branch block (Q-S 0.14); at 4:.30 P.if., after 
a sj'iicopal seizure, complete A-V dis.sociation was .still present with the .same auricu- 
lar rate but the ventricular rate had fallen to 24 and left bundle-branch block 
(Q-S O.IG) had reappeared; at 9:30 p.m. complete A-V di.^sociation was shown and 
the ventricular complexc.s were tho.se of left bundle-branch block, but minor varia- 
tions in the shape of the ventricular coinjilexes iit this time indicated a varjdng 
site of origin in the .iunctional tis.sue. The auricular and ventricular rates iverc 
130 and 20 respectively. No axis deviation or I’-wave changes were noted in the 
normal records. 

Atciop.si /. — The heart weighed 710 gm. The right ventricle was markedly dilated 
and its wall measured 0.4 cm. in thickne.ss. The left ventricular wall was 2.0 to 
2.5 cm. in thickness but the cavity was not dilated. The tricu.spid and pulmonary 
valves were normal. The mitral valve, 0.8 cm. in circumference, was greatly nar- 
rowed, the leaflets were thickened, and the chordae tendinae were shortened and 
thickened. The aortic valve, 0.1 cm. in circumference, .riiowed marked interadherence 
of the cusps which were thickened, retracted, and fixed. There was no evidence of 
acute endocarditis. Tlie openings of the coronary arteries were unaffected and 
the vessels showed minimal atherosclero.sis. Ai)art from chronic passive congestion 
of the liver, spleen, and kidneys and atelectasis of the lower ])arts of both lungs 
there were no other gross 7 )atliological finding.^. Microscopic examination of the 
heart .showed den.se fibrous scarring of the aortic ring, the membranous part of the 
septum, and the upper part of the muscular portion of the septum under the left 
ventricular endocardium. In addition, throughout the heart, including the upper 
part of the septum, there were many areas of inten.'^e infiltration with lymphocytes, 
jdasma cells, and fibroblasts mostly perivascular in position. There were di-stinct 
A.schoff nodules to be seen. The conduction .“y.«iem was not studied. 

Diagnofiift . — Acute rheumatic fever. Acute and chronic rheumatic heart disease 
with aortic and mitral .stenosi.s and regurgitation. 

Ob/iervation.'i . — On January 5, 1937, right and left carotid sinus pressure and 
forced inspiration and expiration against closed air passages, all in both the silting 
and recumbent positions, and the inhalation of 0,17 c.c. of amyl nitrite failed to 
influence the ventricular rate or intraventricular conduction. 

Comment . — In 1933 tlierc* was transienf, and in 1037 per.sislont, com- 
plete A-V di.ssoc'ia1ion and left bundle-bratich block, the pathological 
basis for which is to be found in the wide-spread fibrosis in the region 
of the aortic ring and the upper pail of the interventricular .septum. The 
appearance a few days before dealh of a rapid ventricular I'atc in the 
presence of the complete A-V dissociation with complexes of right-branch 
block form may be attributed to the irritation of a lower impulse center 
by the acute rheumatic proce.ss. This center was jirobably situated below 
the lesion in the left braneh and thus jiroduced complexes of right branch 
block type. When the irritation disappeared the foimer and slower cen- 
ter above the level of the braneh block again dominated the ventricles 
and the left bundle-branch block reapjieared. An alternate explanation 
sugge.sled by Yater'^'’ is that there was damage to both bundle branches, 
more advanced on the left, with the usual pacemaker being situated m 
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the right branch ]3elow the lesion on that side. However, for the reasons 
given above, it is probable that the pacemaker in this case shifted for 
a short time to tiie left branch below its lesion and right binidle- 
braneh complexes ensued. 

Case C. — J. H., male, aged Hfty-sevcn years, was admitted to the Alassachusetts 
General Ilosi^ital April 6, 19.37, and was discharged April 27, 1937. 

He had been perfectly well until three weeks before entry when he began to feel 
tight, low substernal pain wlien walking, which disappeared immediately with rest. 
Two days before admission while at rest he had one attack of pain which radiated 
down both arms. At 2:30 A.jr. on the morning of entry lie was awakened by a con- 



Pig-. 5. — Ca.se 
dissociation. 
sec. 


G. A, (April 6. 1937) left 
(April 7, 1937) normal 


bundle-branch block and complete A-V 
conduction. Time-marker 0.2 and 0.1 


tant. sever-e, substernal pain which gradually disappeared during the course of the 
ollowing fifteen hours. Tlvere were no other symptoms e.xcept some belclnng o 

•no OTlfl QWPni'lTlcr. » 

' ho,.,. a«e.. .he o...e. of po.o .cvea.cd a ...an ,vho did no. 

.ppear particularly ill. The cardiac apex impulse was felt in the fifth intercostal 
pace 9 cm from the midsternum. The cardiac rhythm was regular and theie ’i\ere 
o xmwmu;s, pericardial friction, or gallop rhythm. The blood pressure was 
.42/100. Ho signs of heart failure were present. 

LaUratom Cofo.— Tho hlood le.,eooy.e count was IJ.OOO per cuWc ...illimCcr on 
dtuission. The urine was nortnal. The blood Wassern.ann and Hinton rcaet.ons 
cere negative for sj'pliilis. 




290 


THE AMERICAN- HEART JOURNAL 


Course . — Tlie temperature on admission was 101° F. During the course of the 
next five days this gradually fell to a normal level. The blood pressure established 
itself at a level of 130/80. He was kept in bed and given aminophyllin. His con- 
valescence was uneventful. 

Electrocardiograms. — (Pig. 5.) Eight electrocardiograms were taken during the 
hospital stay. Tlie first, taken eight hours after the onset of pain, showed left 
bundle-branch block (Q-S 0.13) with wliat was apparently complete A-V dissocia- 
tion with a rapid ventricular rate. The auricular and ventricular rates w'cre both 
100. On the following day and in tlie subsequent records the A-V and intraventricu- 
lar conduction were normal (Q-S 0.07-0.08, P-E 0.20). There was moderate to 
marked left axis deviation in all records showing normal conduction. The Q-wave in 
Lead IV was absent in all records and there were progressive changes in the T-waves 
of Leads I, II, and IV in the last seven records indicating a recent myocardial 
infarct. 

Diagnosis. — Coronarj' heart disease. Acute coronary thrombosis (anterior type). 

Comment . — ^Tliere can be little doubt that the conduction di.sturbances 
obsei’ved in this patient were due to either direct or indirect effects of 



Fig. C. — Case 7. A, (September, 1936) Lead I spontaneous transition from left 
bundle-branch block to normal conduction ; Leads II and III, normal conduction. 
Time-marker 0.20 and 0.04 sec. B, (March 16, 1937) left bundle-branch block. 
Time-marker 0.2 and 0.1 sec. 

a myocardial infarct involving the bundle of His. Temporary inter- 
ference vdth the local circulation or involvement of the conduction sj's- 
tem by the less irrevocable changes occurring at the periphery of the 
infarcted area can explain their transient nature. 

Case 7. — ^T. A,, female, aged fifty-four year.?, was first seen in private consulta- 
tion at the Massachusetts General Hospital in August, 1 936. 

At that time she complained ’'that she was awakened at night by severe attacks 
of substernal pain which radiated into the left arm. For the previoms six months 
she had noticed a tight substernal feeling when walking which occasionally radiated 
down the left arm. This would subside after five or ten minutes of rest. All of 
these sjTtnptoms had recently been considerably relieved by nitroglycerine and 
aminophyllin. Arterial hypertension of 170/110 had been discovered on routine 
examination in 1931. 

Examination revealed an enlarged heart. The orthodi a graphic measurements 
were: transverse diameter of the heart 12.0 cm., internal diameter of the thorax 
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21.8 cm. The rhythm Avas regular. The aortic second sound was accentuated and 
there was a slight basal systolic murmur. The blood pressure was 150/100. No 
other abnormalities were found. 

Electrocardiograms. (Pig. 0.) Pour electrocardiograms were taken. Left bundle- 
branch block (Q-S 0.16, P-J?. 0.19) was present in June and August, 1936. In Sep- 
tember, 1936, the electrocardiogi-am showed a transition from branch block (Q-S 
O.ie, P-B 0.19) to normal complexes (Q-S 0.08, P-R 0.19) in Lead I. Tlie normal 
t}'pe persisted , through Leads II and III. The cardiac rate during block ranged 
from 63 to 59 while during normal conduction the rate varied from 52 to 56. A 
record taken on March 16, 1937, showed left branch block throughout (Q-S 0.17). 

Diagnosis. — Hj^ertensive and coronary heart disease. Angina pectoris decubitus. 

Comment . — ^Angina pectoris decubitus indicates considerable coronary 
insufficiency and it is probable that variability of a partially deficient 
blood supply to the conducting tissue was the primary factor determin- 
ing the presence or absence of branch block. 

Case 8. — J. E., male, aged forty-one years, was fn-st admitted to the Boston Citj- 
Hospital Jan. 15, 1935, and Avas discliarged Peb. 7, 1935. 

He complained of increasing dj'spnea on exertion for one year and of a vague 
dull precordial pain present AA’hen he Avas tired. No otlier cardioA’ascular symptoms 
were elicited. 

Examination As'as negatiA-e o.xcept for a blood pressure of 160/110. 

Lahoratory Data . — Urine and blood AA'cre normal. 

Course . — He improA'od Avith bed rest and symptomatic treatment. The blood 
pressure on discharge Avas 125/90, 

He Ava.s admitted for the second time on Juno IS, 1936, and Avas discharged on 
June 28, 1936. 

At this time he complained of increa.sing dyspnea on exertion for six months, 
orthopnea for three months and scA'ere attacks of paro.xj'smal nocturnal dyspnea 
for one week. 

Examination shoAA'ed slight distension of the ceiwical Anins and an enlarged heart. 
X-ray cardiac measurements AA'ere: to the right of the median line 7.0 cm., to the 
left 12.5 cm., internal diameter of the thorax 30.0 cm., and great blood A’cssels 9.5 
cm. The rhythm Avas regular and there AA-ere no murmurs. The blood pressure Avas 
140/100. A tender liver edge AA-as felt 3 cm. beloAV the costal margin. Moist rales 
were present at both lung bases. There Avas no peripheral edema. 

Lahoratory Data . — The urine and blood were normal. 

Course . — He Avas digitalized and given diuretics. Under this regime improA'ement 
AA’as rapid. 

He entered the hospital for the third time July 25, 1936, and Avas discharged 
Sept. 15, 1936. 

On the day of admission he had a fainting spell. He also complained of increased 
dyspnea, occasional precordial pain on exertion, and bluiiing of Aision. 

Examination revealed essentially the same findings as on his preA-ious admission 
except that a moderate blowing systolic murmur was heard at the ape.x. The blood 
pressure Avas 138/108. Signs of pulmonary congestion Avere present but the liver 
was not felt and there Avas no peripheral edema. 

Course.— -While in the hospital he had several moderately severe attacks of 
paroxysmal noctunial dyspnea which Avere relieved by morphia. His digitalis ration 
was increased, diuretics were administered, and he improved gradually. He Avas seen 
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again on January 15, 1937, n-Jien he complained of dyspnea on exertion. He exhibited 
a ■n-ell-marked pulsus altemans and his blood pressure n-as 138/88. 

/Electrocardiogram^:. (Fig. 7A.) All seven electrocardiograms taken between 
Januarj', 19J5, and August, 1930, showed left bundle-branch block (Q-S 0.14-0.10, 
P-B O.lG-0.18). Four subsequent records in September, 1930, and January, 19,37, 
showed normal conduction (Q-S O.OS-0.10, P-E 0.10-0.18), During branch block the 
rate varied from 79 to 108 while during normal conduction it ranged between 79 and 
97, TJie records showing normal conduction also showed left axis deviation and 
well-marked inversion of the T-waves in L/eads I and II with low origin. 

Diagnosis . — Hj-pertensive and coronarv' heart disea.sc. 

Ohscrvalions. On January ly, 19.37, the effects of deep re.spiration, forced in- 
spiration, and expiration agaimst clo.sed air passage.s and carotid sinus pressure were 
te.sted. The lir.st two proecdure.s had no effect on rate or conduction. Eight trials 
of carotid sinus pres.sure each resulted in S-A .slowing without A-V block, the 
minimum rate recorded being 30. On two occasion.s when .slowing u'as marked 
(40 and .30) a single broad complex of bundle-branch block type appeared (Q-S 0,10, 
P-E 0,18) but otherwise no cliange in conduction occurred. Climbing one flight of 
stairs induced dyspnea, raised the heart rate from 71 to 88, but did not .alter the 
normal conduction, 

Comment . — In this case there was no correlation between the form of 
the eleetrocai'cliogram and the clinical condition of the patient. The 
, T-wave changes indicate coronary disease and the persistence of normal 
conduction, since September 1936 may po.ssihly he a.ssoeiated trith the 
estahlisltment of collateral circulation anrl better vascularization of the 
conducting ti.s,sue, 

C. 1 SE 9. — ^11. B,, female, aged forty-four years, was first admitted to the Boston 
City Hospital Aiwil 0, 1934, and was discharged April 14, 1934. 

She complained of increasing dyspnea on exertion for six months. Arterial InTier- 
temsion had been discovered during a pregnancy in 1928 and liad l)Cen pre.=ent .since 
that time, with nervousne.s.s and lieadriches. 

Jizamination .showed the heart to be enlarged, with the ajjex irnpul.=e in the fifth 
intereo.stal space 12..5 cm, to the left of the mid.stemurn. There was a soft Ixisal 
systolic murmur. The blood pro.s,sure was 270/150, The lungs were clear and no 
edema was present. 

Laboratory data . — The urine had a .specific gravity of 1.015 to 1.017 and contained 
a trace of albumin. The blood nonprotein nitrogen was 34 mg. per cent. 

Course . — .After rest and .sedation .-he was di-=c))arged improved, ivith a blood pre.s- 
sure of 180/120. 

The patient was readmitted Sept. 10, 1935, and she died Zsov. 30, 1933, 

Because of increasing dyspnea she had been in and out of bed during the intenal 
since discharge. For seven months she had had increa.sing edema of the lower ex- 
tremities and frequent attacks of paroxy.smal nocturnal dysjinea. -She had taken 
three grains of digitalis daily for the preceding three months. 

Examination revealed the cardiac apex to be in the midaxillary line, X-ra^ 
cardiac measurements were: to the right of tlie median line 7.2 ern,, to the left 11. ‘ 
cm., internal diameter of the thorax 25.3 cm., and great blood ve.s.sels 0,5 cm. Tlu- 
rhytlim was regular and no murmnns were pre.sent. The blood pres.‘-arc wa.‘- 270/170. 
Both lungs were dull on percussion and moist rfilc-s were jire.sent- Fluoroscopy re- 
veale<l a slight amount of pleural fluid bilaterally and hilus congestion. Tliere was 
edema of the leg.s, abdominal wall, and back. A tender Ever edge was felt 5 to 0 
cm. below tbe costal margin. 
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abomiory Data.—Vha urme examinations showed a small to large trace of 
alburn, ^vltll occasional granular casts. The concentration test showed a minimum 
speciiic gravity of 1.010 and a maximum of 1.014. The phenolsulphonephthalein test 
slmwed on]y_2a per cent excretion of the dye after two hours. The blood nonprotein 
nitrogen varied between 3o and oo mg. per cent. There was a moderate normocliromic 
ftnenua. 

Coarse.— Under treatment with bed rest, digitalis, diuretics, and other routine 
cardiac measures the manifestations of heart failure gradually diminished during 



Pig. 7. — A, Case S. upper, (June 10, 1936) left bundle-branch block. Lower, 
(Sept. 2, 1936) normal conduction. 

■B, Case 9, upper, (Sept. 21, 1935) left bundle-branch block. Lower, (Sept. 26, 
1935) normal conduction. Time-marker 0.20 and 0.04 sec. 

the first month. The blood pressure fell to 220/110. Edema, however, returned in the 
fiftli week and ascites and pleural fluid gradualh' accumulated and persisted in spite 
of, vigorous therapeutic measure.®. In the eighth week the temperature, previously 
noiunal, suddenly rose and sign.® of infection at tlie left lung base appeared. Irom 
tliiu time onward she failed more rapidly and died in the tenth week. 

Mectrocardiograms. — (I'ig. 7 JB.) Eleven electrocardiograms were taken, of which 
six showed normal conduction (Q-.S 0.09-0.10, P-R 0.12-0.1C) with rates varying from 
88 to 10.7, and five, including one record taken during the early part of the first 
admission, showed left bundle-branch Ifioek CQ‘® 0.16-0.20, P-R 0.12-0.14) the rates 
ranging from 77 to 97. Of the normal electrocardiograms four occurred during the. 
first month of the second admission when improvement wa.® taking place. Left 
bundle-branch block was present on entry and again during tlie latter part of her 



294 


THE AISIEMCAN HEAET JOURNAL 


course wlien failure recurred. Normal conduction, however, was present on two oc- 
casions during this terminal period. Tliere was no constant correlation between 
the form of the electrocardiogram, and. the cardiac rate in these routine records. Of 
the six records with normal conduction all showed inversion of the T-waves in 
Leads I and 11 with low origin. The electrical axis was normal. 

Autopsy . — (Limited to the heart and kidneys.) The heart weighed GOO gm., with 
the left ventricle measuring 2.5 cm. in thickness and the right 0.8 cm. The coronary 
arteries were minimally affected, showing only slight yellow intimal thickening 
which caused no narrowing, hlicroscopic examination of the myocardium showed 
many small scattered fibrous scars with a slight amount of infdtration by poly- 
morphonuclear cells and macrophages. In one section there was a fresh thrombus 
wliich almost completely occluded the lumen of an arteriole. The conduction system 
was not studied. The kidneys together weighed 200 gm. and were of the granular 
type with the cortex measuring 3 to 5 mm. Microscopic examination revealed many 
cortical scars with hyalinized glomeruli and atrophied tubules. There was arteriolar 
narrowing with thrombi in various stages of organization. 

Diagnosis. — ^Hj’pertensive heart disease with failure. Vascular nephrosclerosis, 
possibly malignant. 

Comment . — The Ifundle branches ■were not examined microscopically 
but it seems likely that the numerous small sears found .scattered 
throughout the myocardium involved the region of the conducting tissue 
as well and partially damaged a bundle branch. The factor of myocardial 
failure seems to have been an important one but the fact that normal 
conduction was present in the latter part of her course indicates an addi- 
tional factor which may have been circulatory in nature. 

Case 10. — Jf. S., female, aged forty-five years, was first admitted to the Boston 
City Hospital Oct. 1, 193G, and was discharged Nov. 12, 1930. 

She gave a history of having spent four months in a hospital with rheumatic fever 
at the age of seven years. Since that time .she had had no joint pains but had 
suffered from frequent sore throats and in recent years had noticed some dyspnea 
and palpitation on exertion. Si.x days before entry slie had a chill and developed a 
cough. On the day previous to admis.sion .she developed pleuritic pain in the left 
chest and her anldes, elbows, and shoulders became painful. With the onset of the 
pulmonary infection increasing dyspnea rendered her unable to sleep. 

Examination revealed a cyanotic patient who was markedly dyspncic, with a 
temperature of 102.5° F. and a respiratory rate of 40 per minute. The cervical veins 
.were engorged. The entire precordium was heaving and the maximum apical impulse 
was felt in the anterior axillary- line. There were a loud systolic murmur and a mod- 
erate mid-diastolic rumble at the apex. A basal systolic murmur was also present. 
The rhythm was regular. The blood pressure was 140/80. Dullness and moist 
rfiles were found at both lung bases extending on the loft to the angle of the scapula. 
The abdomen was distended and there was tenderness in the right upper quadrant. 
Pitting edema was present in the lower extremities. The elbows, shoulder.s, and 
e.specially the ankles were tender. 

Laboratory Data . — The urine contained a small trace of albumin. Blood examina- 
tions showed a mild normochromic anemia. On admission there was a polymorphonu- 
clear leucocytosis with a count of 21,000 per cubic millimeter which gradually fell 
to normal. The blood Hinton reaction was negative for syphilis. Two blood 
cultures produced no growth. 

Course . — ^The patient had a fluctuating fever for three weeks and thereafter with 
the diminution in the pulmonary signs the fever subsided and the dyspnea improved. 



C03IEAU ET AL; : PAROXYSMAL BrXDLE-BRANCH BLOCK 


29o 


With digitalization the signs of cardiac faUure gradually disappeared. The joint 
pains similarly cbared during the course of the first three weeks. Two weeks before 
leaving the hospital her pulse which had previously been regular became irregular. 

She was readmitted Feb. 21, 1937, and she died March 30, 1937. 

In the interval between admissions she was largely confined to bed, complaining 
of cough, orthopnea, and dyspnea. She was taking three grains of digitalis daily. 
Three weeks prior to readmission she developed pains in her feet, knees, hands, and 
elbows and anlde edema appeared. 

ExciTiihiciiion revealed cervical venous distension. The precordium was heaving 
with the maximum impulse in the anterior axillarj’^ line. X-ray cardiac measure- 
ments were: to the right of the median line 5.2 cm., to the left 11.0 cm,, internal 
diameter of the thorax 25.0 cm., and great blood vessels 6.0 cm. Systolic and late 
diastolic murmurs w’ere heard at the apex and a systolic murmur and a greatly 
accentuated pulmonary second sound at the base. The blood pressure was 160/65. 
Dullness and diminished breath sounds were found at both lung bases. There was 



iPig-. g. — Case 10, A, (Oct. 5, 1936) auricular fibrillation and idioventricular 
rhythm. Lead I, left bundle-branch block ; Lead II spontaneous transition from 
normal intraventricular conduction to left bundle-branch block ; Lead III reverse 
transition. Note intermediate complexes. B, (Oct. 26, 1936) auricular fibrillation, 
normal intraventricular conduction. Time-marker 0.20 and 0.04 sec. 

slight pitting edema of the anljles. There was stiffness and tenderness of the left 
anlde and the metacarpophalangeal joints on both sides. The temperature was 
99.2° P. 

Laboratory Data . — The urine contained a. trace of albumin. The blood leucocyte 
count varied between 7,600 and 11,300 per cubic millimeter. There was a mild 
hj’pochromic anemia. The blood nonprotein nitrogen was 24 mg. per cent. 

Coarse . — The slight fever subsided in three days. Local applications relieved the 
joint pains and with digitalis the cardiac sj'mptoms improved except for occasional 
bouts of severe dyspnea. On IMarch 20 her throat became sore and joint pains re- 
appeared. She became febrile, cyanosed, and dy.spneic. Hemolj'tic streptococci were 
grown from throat smears. The temperature rose to 107° P. and the pulse rate to 
140 just before death ten days later. 

Electrocardiofframs. — (Fig. S.) In the first admission six routine records were 
taken. On October 2 and 3. there was auricular fibrillation with a regular idio- 
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ventricular riiythm, the ventricular rates being 80 and 90 respectively and the Q-S 
intervals 0.08. On October 3 auricular fibrillation with a regular ventricular rhythrn 
at a rate of 88 was still present, but there were, in addition, periods of left bundle- 
branch block (Q-S 0.14). Several intermediate complexes were recorded at thi.s lime. 
On October 0 the electrocardiogram showed auricular fibrillation and a regular 
ventricular rhythm at a rate of 81 with left bundle-branch block (Q-S 0.14) through- 
out. On October 20 and 27 there was auricular fibrillation but the complete irreg- 
ularity of the ventricular rhythm (rate,s approximately 80 and 95) indicated resump- 
tion of A-V conduction. The intraventricular conduction was now normal (Q-S 0.08- 
0.10). In the .second admission three record.s were taken. All .«howt‘d auricular 
fibrillation and normal intniventricular conduction (Q-S 0,10), The record on 
Feb, 28, lt)87, showed a regular idioventricular rlijlhin at a rate of 55, while those 
taken on Februar}’ 25 and 20 .showed an irregular ventricular rhythm at rates of 
40 and 45 respectively. Ijoft axis deviation was present in all records. 

Autopsy. — The pericardial cavity' wa.« obliterated by' fibrou.s adhesions. The heart 
weighed 530 gm. and .showed hy'pertrophy of the right ventricular wall (thick- 
ness 0.8 cm.) and dilatation of the left auricle. Tlie left ventricular wall measured 
1.5 cm. in thickness and the cavity' was not dilated. There was thickening of the 
leaflets and thickening and shortening of the chordae tendineae of the mitral valve 
(eircumference 9,0 cm.). The other valve.s were unafTceted, The myocardium 
showed no abnormality'. There was slight atherosclerosis of the coronary' arteries. 
The other gross patliologifxd findings consisted of a chronic adhesive pleuritis on the 
right side, marked edema of both lungs, and ascites, Microscopic examination .“howed 
occa.sional A.scholT nodules in the myocardium. 

Diagnosis, — Acute rheumatic fever. Chronic rheumatic heart disea.se with mitral 
stenosis and regurgitation. Congc.stive failure. Bronchopneumonia. 

Comment . — During the fir.st admission, although the patient iiad a 
recurrence of acute rheumatic fever, the conduction defects yverc ))resenf 
at the time when she was seriously' ill with chronic rheumatic heart dis- 
ease and cardiac failure, precipitated by' pneumonia. Both the idioven- 
tricular rhy'thm and the bundle-branch block disappeared with clinical 
improvement. During the second admi.ssion althougli heart failure was 
present in varying degrees, bundle-branch block was not recorded, but 
no electrocardiograms were taken during the most severe period. 

Case IL—H. W., male, aged .sixty-five ycar.s, was admitted to the ilassachusctts 
General Hospital Sept. 28, 193.5, and discharged Nov. 13, 1935. 

He had been in good health until the day' before admission when he .suddenly de- 
veloped a severe precordial and .“ubsternal pain which was only' partially relieved 
by a hypodermic injection of morphine, Thi.s pain continued witli le.s.wening in- 
tensity' for the .succeeding thirly-.six hours. Other than slight dizzines-s and a de- 
sire to eructate there were no as.=ociated sy-mptoms. 

Examination revealed a moderately' .sick man, with slight cyano.sis of the lip.^. 
The cervical veins were not engorged. The heart was .'^lightly' enlarged the left 
border of dullness being in the fifth interco.stal .simce 10 cm, from the midsternal line. 

The cardiac rhythm was regular and the nite G5, The heart sounds were faint, 'so 
murmurs were pre.scnt. The blood pressure was 120/78, There v.'cre n fev, moist 
riles at both lung ba.se.s but neither enliirgement of the liver nor peripheral edema 
was present. 

Course. — On admi.s.sion the temx>eralnrc was normal but the blood Icueoeyte count 
was elevated to 21,800. Treatment consisted of f)ed rest, arninophyJIin, and syxnp' 



COMEAU ET AJb. : PAROXYSaiAL BUXDEE-BRANCH BLOCK 


297 


tomatic tlierapj". In the second week there appeared at the left lung base increased 
moist rales with bronchial breathing and x-ray opacity. These signs were accom- 
panied by a slight fever and a rise in the blood leucocyte count and were regarded 
as being due either to bronchopneumonia or to pulmonary infarction. He recovered 
rapidly from this pulmonary process and had an uneventful convalescence. 


EJectrocardiofframs. — (Fig. 9.) Thirteen routine electrocardiograms were taken 
during the hospital period. Left bundle-branch block (Q-S 0.15-0.17) was present 
on September 30 and normal intraventricular conduction (Q-S 0.07-0.09) on the re- 
maining twelve occasions. On September 28, 29, 30, and October 2 there was com- 
plete A-V dissociation (auricular rates 80 to 100, ventricular 50 to 05). This was 
followed on October 3 and 4 by delayed A-V conduction (P-R 0.29 and 0.25). The 
succeeding records showed normal conduction. Progressive changes from coved S-T 
segments to late inversion of the T-waves in Leads II and III were observed. In 
January, 1937, the T-waves in Leads II and III were low wliile the T-waves in 
Lead III still showed late inversion. There was moderate left axis deviation in all 
records. 



Fiff, 9. — Case 11. 
soeiation. Sj 


Aj (Sept. 30. 
(Oct. 29, 1935) 


1935) left bundle-branch block and complete A-V dis- 
normal conduction. Time-marker 0.2 and 0.1 sec. 


Comment . — In this instance, as -with Case 6, the transient conduction 
disturhanees can be correlated with the direct or indirect effects of an 


acute myocardial infarct. 

Case 12.— H. C., female, aged fifty-five years, came to the out-patient department 
of the Massachusetts General Hospital Dec. 27, 1985, complaining of dyspnea on 


ixertion and of orthopnea. 

Examinaiion revealed a woman somewhat dyspneie at rest. Tlie heart was enlarged 
vith the left border of dullness 13 cm. from the midsternum. The cardiac rhythm 
,vas regular. The heart sounds were distant and there was a moderate blowing 
ipical systolic murmur. The blood pressure was 20(1/100. The breath sounds at 
he left ‘lung base were diminished and there were a few moist rales at both bases. 
A. tender liver edge was felt 3 to 4 cm. below the costal margin. Iso edema was 

aresent, , , , • j. 

Coiirse.— On digitalis and bed rest the patient made considerable improremcnt 
Jnrlng the lolloping Wo ivceks. Her blood pressure, honever remained high 
fo30/1301 She ivas not seen .again until March 27, 1930, and at this tunc she was 
I'senUall^n the same condition as when first seen. She had heen oweraetivc during 
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the interval and when advised to limit her activities she again improved and a month 
later there, were no manifestations of myocardial failure except dyspnea on moderate 
exertion. Her blood pressure continued to be elevated. Attempts to follow her 
failed and she was not seen after May 22, 1930. 

Electrocardiogram. — (Fig. 10.) A routine electrocardiogram taken on April 7, 
1936, showed left bundle-branch block (Q-S 0.17, P-Il 0.17) in Lead I while in 
Leads II an III there was normal conduction (Q-S 0.00-0.0.9, P-K 0.J7). The 
cardiac rate was 80 throughout. 

Diagnosis . — ^Hypertensive heart disease with failure. 


'll I 



Fig. 10.— Case 12. (April 7, 10.16) Lead I, left bundlc-brancli block; Leads II, and 
III, normal conduction. Time-marker 0,2 Jind 0,1 sec. 



Fig. ll.-Case 13. A, (Nov. 12.1020) from 

to left bundle-branch block ; I,XJad II, reverse tran-silion , Lead III, normal 
B, (Aug. 5, 1931) normal conduction. Time-marker 0.1 sec. 


Comment .— only eleclrocardiogram of this patient ivas taken dur- 
ing cardiac failure. As in Case 4 the branch block was probably mier- 
mittent during this time although only one period of block was rceorde . 


Case 13. — ^E. K., female, aged seventy-three years, was first seen in priva e con 
tation Kov. 12, 1929, and was followed until death in October, 1933. - „ 

She comphiined of pains across the chest radiating down bo i 
frequently on exposure to cold or on walking. The pain re ie\c( • 

were no other cardiovascular symptoms- 
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Examination showed tlie heart to be sliglitly enlarged, with the apex impulse in 
the fifth intercostal space 3 cm. to the left of the midclaricular line. There was 
a presystolic gallop rhythm. Moderate apical and aortic systolic murmurs were pres- 
ent. The blood pressure was 130/95. No other abnormalities were noted. 

Course. The patient obtained great relief from nitroglycerine and erythrol 
tetranitrate and a restricted mode of living. The physical findings remained es- 
sentially unchanged. The blood pressure was maintained at 150/100. Pulsus 
alternans developed in November, 1930, and persisted. 

Electrocardiograms. — (Fig. 11.) Four routine electrocardiograms were taken. On 
November 12, 1929, a transition from normal conduction (Q-S 0.08, P-R 0.15) to 
left bundle-branch block (Q-S 0.12-0.16, P-R 0.15) was recorded in Lead I and the 
reverse transition occurred in Lead II, after wliich normal conduction persisted 
through Lead III. The rate during block ranged from S6 to 92 while during normal 
conduction it varied between 75 and 80. In December, 1929, normal conduction 
was recorded in all leads. In May, 1930, there was slight delay in intraventricular 
conduction (Q-S 0.10-0.11). On August 5, 1931, normal conduction was present in 
all three leads. There was moderate left axis deviation with diphasic T-waves in 
Lead I and a coronary type of inversion of the T-waves in Leads II and III, with 
slightly high origin of the latter in the tracings not distorted by branch block. 

Diagnosis . — Hypertensive and coronary heart disease. Angina pectoris. 


Comment . — In this instance the clinical and electrocardiographic evi- 
dence indicates that insufficiency of the coronary blood supply to the 
conducting tissue was responsible for the branch block. 

In addition to the thirteen cases of paroxysmal bundle-branch block 
presented above we have collected from tlie literature fifty-eight addi- 
tional cases, not of the Wolff, Parkinson, and White type, making a total 
of seventy-one.^ They have been tabulated with the available data in 
Table I. Sixty-five of these seventy-one cases present clear evidence of 
heart disease. In Case 1 of our group and in five others (Cases 16, 30, 
49, 50, 51) the classical features of cardiac disease were absent and on 
that account we have excluded them from the following analysis altliougli 
we believe that the bundle-branch block was in itself evidence of heart 
disease. Of the remaining sixty-five patients there were thirty-five males, 
twenty-nine females, and one case in which the sex was not recorded. 
Thirty-six were over fifty years of age, twenty-six were fifty years of 
age or under, and in three the age was not recorded. Coronary or hyper- 
tensive heart disease was present in forty-four, thirty-three of whom 
were over fifty years of age ; chronic rheumatic heart disease was present 
in six whose ages ranged from thirty-two to fifty years. The etiology of 
the heart disease in the remainder was diphtheria, four ; thyrotoxicosis, 
three ; congenital, one ; and obscure in seven. Left bundle-branch block 
was present in sixty of the sixty-five cases. It is of interest that there 
were no instances of right bundle-brancli block among the rheumatic 
cases. In twenty-five patients moderate to severe cardiac failure was as- 
sociated with the period of block. 


*Thp case renorted bv Faulkner’® as due to a rheunmUc irRecUon has not been 
included becluse^ subsequent records indicate that it is of the Wolff. Parkinson, and 
UTiite tj'pe. 
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The finding oi permanent bvindle-bi'anch block i.s often considered to 
be of grave prognostic significance. Recent reports/'- =« however, 
indicate that this conduction di.stiirhanee per .se doas not necessarily have 
the unfavorable influence on prognosi.s often atti-ibuted to it. An at- 
tempt was wade to follow up the repoi-ted cases of paroxysmal bundle- 
branch block but insufficient data rvere available to warrant dranfing 
definite conclusions. In general, however, the prognosis in paroxysmal 
as in permanent bundle-branch block seems to he dependent upon the 
type and severity of the associated heart disease. 


WSCU.SSIOK 


Association of Paroxysmal Btmdl e-Branch Bloch With Coronary and 
Jlypertensive Heart Disease. — This is the largest group. The organic 
basis of the block in these cases is probably either arteriosclerotic narrow- 
ing in the coronary ve.ssels supplying the conduetion tissue, \vitb or irith- 
out partial permanent damage to a bundle branch,^ or the direct or 
indirect effects of an acute coronary thrombosis. Clianges in the con- 
ducting fibers accompanying failure of the myocardium may be the 
primary or an additional factor in the production of the branch block. 

The above statements, although at present impossible of absolute proof, 
are based upon more than hyj)othetical ground.s. It i.s knonm that high 
degrees of A-V dissociation, .sometimes transient in character, are ob- 
served in cases in which careful hi.stopalhologieal investigation of the 
conduction .system .shows partial or no damage. Of some .significance are 
the clinieopathologieal findings in three ea.ses by Gf'raudeP'’ in which he 
claimed that permanent and tran.sitojy A-Y di.ssociation could be associ- 
ated with arteriosclerotic narrowing of the aOen' .supplying the con- 
ducting ti.s.sue, without recognisable damage to the bundle of Hi.s'. It is 
not absolutely clear, however, that Geraudcl examined the bundle 
branches as carefully as the wain bundle so that bilateral bundle-lu’anch 


lesions which could have produced the complete A-Y di.ssociation ina> 
have been overlooked. Of more .significance is the finding of transient 
inci'ea.se.s in inti’avcntricular conduction time,'^ and in one case (Case 
38), tran.sienl bundle-branch block itself, associated with attacks of 
angina pectoris. In accordance with the current concepts of angina 
pectoris these electrocardiograplnc changes must he attrilmted to ano.x- 
cmia of the conducting ti.ssue. Oxygen inhalation (Case IG) and arnji 
nitrite (Cases 4.9, 56') have transformed hundle-hranch block to normal 
conduction. PuiUher, the association of bundle-branch block with the 
clinical evidence of severe heail failure and the retui-n to normal intra- 
ventricular conduction with better myocardial function has been oh- 


.served frequently. 

*yatr;r'» I)<ilfeves Hint Ik imrlSal Ohrix-ln of on>.' or hotb huti'JU: braneJi'’.? in 

all ca5C'!? ol 5nl<.‘rmiU<jnl block. 
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Thus, although the precipifatmg factor of the himdle-hrancli block 
may be physiological in some cases, the fmidamental cause in eases of this 
gioup is organic heart disease directly or indirectly aifectiii!? a bundle 
blanch. These cases are far more common than they are iisuallj' con- 
sidered to be and in some the intermittent block is undoubtedly the pre- 
cuisoi of permanent branch block. Consequently paroxysmal biindle- 
braucli block which, like permanent bundle-branch block, may be the only 
evidence of organic heart disease, is of considerable significance, a fact 
which is not conveyed by the term ‘‘functional.” 

A.ssQciat '1011 with Chronic Rheumatic Heart Disease. — Transient or 
intermittent bundle-branch block may occur less frequently in younger 
individuals with chronic heart disease of rheumatic origin. In all of 
these eases the periods of block have coincided witli periods of poor myo- 
cardial function as manife.sted by cardiac failure, except in Case 5 in 
which such block is attributed to progressive fibrosis. The bundle and 
its branches are actually only specialized portions of the ventricular 
myocardium aiid it seems reasonable to assume that their function may 
be disturbed in the same way and at the same time as that of the myo- 
cardium. 

Association With Acute Infections. — Transient bundle-branch block 
has been repeatedly attributed to acute infections and particularly to an 
active rheumatic process. Diphtheria on rare occasions can cause this 
type of transient conduction disturbance. Transient partial and com- 
plete A-Y dissociation in otherwise clinically normal hearts is Imown 
to occur on rare occasions during acute infections, but we could find no 
conclusive evidence that acute infection, other than diphtheria, has di- 
rectly caused a transient bundle-branch block. 

"With an active rheumatic infection in the presence of chronic rheu- 
matic lieart disease it is luijustifiable to attribute a transient bundle- 
branch block solely to a specific action of the acute i^rocess on the con- 
ducting tissue and to ignore the eft’cets of the chronic lesion. In every 
case reported in which the transient branch block could be related in 
any way to an active rheumatic infection there was evidence of chronic 
valvular disease and poor mjmeardial function. After examining these 
cases critically it seems to us that there is more evidence to favor the 
opinion that infection usually acts largely through its elfcets on the 
whole myocardium including the bundle brandies rather than specifically 
on a bundle branch or the blood supply of that branch. Rheumatic arte- 
ritis affecting a bundle branch may, however, be considered as a possible 
infrequent etiological factor as, perhaps, in Case 1 which is the best 
instance of a paroxysmal bundle-liranch block being associated solely 
with an acute rheumatic infection. In Gases 2 and 10, althougli an infec- 
tion was present, there was an obvious correlation between the branch 
block and dysfunction of the myocardium. In over 5,000 electroeardio- 
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grams taken at the House of tlie Good Samaritan in Boston on approxi- 
mately 1,500 carefully followed patients with active rheumatic infection, 
no instance of transient bundle-branch block has been obseiwed by Dr. 
T. Duckett Jones. 


Association with Drugs. — Temporaiy bundle-branch block has been 
said to appear occasionally during tlie administration of drugs in the 
treatment of heart disease, particularly digitalis and quinidine. This 
has been sho\vn to be tlie case with quinidine'^® but we could find no evi- 
dence that digitalis might have this effect. 

Vagal Influences. — ^It is well Imown that the vagus nerves supply fibers 
to the >S-A and A-V nodes and that carotid sinus pressure acting reflexly 
through the vagi may produce vaiying degrees of block in either node. 
The vagus has also been credited with the ability to depress conduction 
through the bundle branches.^®’ The tjqie of bundle-branch block 
described by Wolff, Parkinson, and White may be induced by carotid 
sinus pressure®®' but, if the explanation of Holzmann and Seherf*® 
and of Wolferth and Wood®® for its mechanism be accepted, this is not 
a true bundle-brancli block and increase in vagal tone must act on the 
A-Y node inhibiting the transmi.ssion of impulses over the normal path- 
way and forcing their pa.ssagc by way of the short-circuiting bundle. As 
regards true bundle-branch block we have been unable to find any pub- 
lished evidence that sustained inhibition of bundle-branch conduction 
can be produced by vagal stimulation, nor have we been able to induce 
such inhibition in our own eases in whom bundle-branch block was pre- 
viously present (Cases 2, 3, 4., 8). During periods of marked S-A slow- 
ing or A-Y dissociation produced by mechanical vagal stimulation or 
after the admini.stration of aeetyl-/5-methy]choline occasional broad com- 
plexes may appear which have been interpreted as .showing bundle- 
branch bloek.^®' ^Ye believe that these are escaped beats of idioven- 
tricular origin because there is usually either absence of correlation be- 
tween the P-waves and these wide QRB complexes or the P-R intcnmls 
are shortened, when in the presence of vagal stimulation rmchanged or 
lengthened P-R intervals would be expected. However, in Ca.se 8 on 
each of two occasions during marked S-A slowing without A-Y dissocia- 
tion produced by carotid sinus pre.ssure single broad complexes occurred 
ivhieh were similar to tliose recorded during periods of bundle-branch 
block and whose P-E intervals were of the same length as those of the 
neighboring normal complexes (Pig. 12). For these reasons we belie^'e 
tliat these two complexes may be examples of bundle-brancli block rather 
than of ventricular escape. This pro%'ides evidence that the vagi may 
exert a direct influence upon bundle-bi'anch conduction as is suggested 


•The ca-se reported by Wllfion” displays the cliar.acterjsties of the WoUf, 
and White type. WReoii round ‘mrlng «ic- stlmulat^ ph^e foRo^nff 
cutaneous injection of atropine an alteration in the form of the fr^ 

he considered suggestive of branch block- There v.-afi, however, no Incrtast m 

Q-S Interval. 
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Daiiielox^olii and ]iis associates^'* and Sigler^® “who found that intraven- 
tricular conduction may he slig'litly increased durhig’ carotid sinus stimu- 
lation. 

It has been shown by animal experiments tliat when only a narrow 
strip of conducting tissue exists conduction is normal at slow rates but 
at rapid rates it is impaired.^ Our results in Case 1, supported by the 
experience of others, suggest that intermitteiit bundle-branch block may 
be changed to normal conduction under vagal influences through tlie 
cardiac slowing induced 1)y the increase in vagal tone. As in Cases 1 and 
2 an increase in heart rate produced by a. decrease in vagal tone or by 
any other means may in some eases be expected to i^rodiiee brancli block 
by further depressing tlie bundle brancli. 

A bundle branch may be partiall.y damaged by progressive changes 
incident to myocardial failure or to inadequate metabolic exclianges re- 
sulting from poor coronary circulation to the conducting tissue, whether 



Pig-. 12. — Ca.se S. Aj (Jan. 15. 1937) single comple.K simulating left bunCIe-brancli 
block occurring during riglit carotid sinus pressure -u'liich produced_ marked cardiac 
slowing. This record begins 9 sec. after the application and ends 6.5 sec. before_ tlie 
removal of the pressui-e. B, (Dec. 15, 1935) left bundle-branch block for comparison. 
Time-marker 0.20 and 0.04 sec. 

there is jiartial fibrosis or not. Under such conditions the bundle branch 
may be able to conduct iminilses within certain limits of rate but its con- 
ductivity will be imiiaired when the rate rises above a critical level. It 
is evident that the critical level will be dependent upon the degree of 
dejjression in the conducting fibers and it is not unreasonable to assume 
from the nature of the factors imoducing the inhibition that this may 
disappear or that the degree of depression may fluctuate or, in the case 
of fibrosis, progress. By accepting .such a view it is possible to explain 
resx)cctively transient bundle-branch block (Cases -I, 6, S, 11, 12, 13), 
intermittent bundle-branch block (Cases 1, 2, 3, 5, T, 9, 10) and inter- 
mittent jDrogressing to pensistent bundle-branch l)lock (Cases 1, o). In 
the routine records of our cases there was no constant correlation be- 
tween the cardiac rate and the degree of intraventricular conduction. So 
long as the deccree of dej^ression may fluctuate it is not suij)iisiug tliat 
such a correlation was frequently not evident. 
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In the past emphasis has been placed upon tlie vagal influences when 
the> were effective in converting bundle-branch block to normal conduc- 
tion. In these cases, particularly, there has been the tendency to use the 
teim functional bundle-branch block,” If heart disease is present or 
suspected these vagal influences, although dramatic, are not to be used 
as criteria in classifying the branch block. It should be clearly recog- 
nized that changes in the conducting tissue incident to organic heart 
disease constitute the fundamental and the signifleant cause of the par- 
oxysmal bundle-branch block. 

3Iechanism . — The mechanism of this conduction disturbance has been 
discussed in previous reports and the terms “incomplete” or “partial” 
bundle-branch block applied.-^* A further consideration of the 

underlying mechanism seems desirable in the light of our present experi- 
ence. 


It is not necessary that complete block exist in one branch in order 
that impulses be forced to travel through tlie opposite branch and the 
myocardium to reach the affected ventricle. Conduction by this pathway 
maj’’ be necessary when one branch is only depressed. So long as the 
conduction time through the damaged branch is gi-eater than that 
through the intact branch*' plus the myocardial patliway between the two 
ventricles, the affected ventricle is activated by an impulse traveling 
through the latter channels, and bundle-branch block complexes result, 
Wlienever the conduction time through the damaged brancii passes the 
critical level and becomes shorter than that tlirough the channel just men- 
tioned, normal QRST complexes appear. It is therefore apparent that 
if conduction through the affected branch is close to this critical zone 
small changes in the conductivity of the depressed branch result in sud- 
den and complete changes in the form of the ventricular complexes. 
Such small changes in conductivity result, for example, from the increase 
or decrease in dia.stolie rest due to .slight alterations in heart rate as in 
Cases 1 and 2. In in.stances of 2 to 1, 3 and 4 to 1 bundle-branch block 
(Cases 26, 38, 46, 57), by a meehani.sm similar to that in partial A-V 
dissociation, the conduction of one or two impulses through the damaged 
branch inci’eases the refractory period of that branch so that the suc- 
ceeding impulse is dela 3 ’'ed beyond the ei’itical level and a branch block 
complex appears. The resulting rest pex’mits the normal conduction of 
the next one, two, or three complexes. 

"When severe mj'ocardial failure or coronary’" thrombosis is the cause 
of temporary bundle-branch block, conduction through the affeetc 
branch is severely depressed or even temporarily abolished. improve- 
ment occurs the potential conduction time becomes progre.ssi vely shoiier 


*It is known that 3a«ion.s in hoO) branches are ITequenUy 
bundle-branch block. The mechanism, however, woulu not be altered « Through 
depression of both branches. Conduction in such instance.? would t-ike place wrou^ 

the less damaged branch. 
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but branch block complexes remain until it passes below tlie critical level 
at wdiieh time normal complexes suddenly api^ear. 

The comiDlexes of the intermediate type which have been recorded dur- 
ing transitions, e.g., in Cases 2 and 10, jDrobably occur wlien tlie conduc- 
tion time through the damaged branch falls within the critical zone and 
is approximately equal to that through the intact branch plus the myo- 
caidium. The ventricle on the affected side is then j)artly activated bj* 
impulses which have passed along both routes. 

SUMMARY 

1. Due to the more common use of the electrocardiograph instances 
of paroxysmal bundle-branch block are becoming a more frequent find- 
ing. It is important to recognize the fundamental cause of the branch 
block in these cases and to differentiate elearl 3 ^ tlie inconsequential tjqm 
from the group in which clianges in the junctional tissue incident to 
heart disease are primarily' responsible for tlie conduction disturbances. 

2. Tlie former grouii consists mainly* of cases in which the QES com- 
plex is wide and the P-R interval is abnonnallj^ short (Wolff, Parkinson, 
and White). This finding is no indication of heart disease. 

3. Significant are the cases in wfiiich changes in the conduction tissue 
are a direct or indirect result of organic heart disease. Pathological 
processes, not neeessarilj" permanent, in a brancli of tlie bundle of His 
such as are associated with mj'-ocardial failure, coronarv insufficiency, 
and coronaiy thrombosis, with or without partial fibrosis of a brancli, are 
primarilj'' responsible for transient or recurrent bundle-branch block. 
Although plij’^siological changes maj^ act as precipitating factors it should 
he recognized that these are effective onlj^ in the presence of actual 
changes in the conducting tissue. It is doubtful whether an acute infec- 
tious process other than diphtheria can cause transitoiw branch block ; 
perhaps verj^ rarelj* a rheumatic infection ma?" so act. 

■ 4. Fifty-eight cases of paroxj'^smal bundle-branch block were found 
reported in the literature and to these we have added thirteen new eases. 
Of the seventy-one jiatients there was clear evidence of heart disease in 
sixty-five, of which thirty-five Avere males, twentjMiine ivere females, and 
one was of unrecorded sex. The six jiatients without other evidence of 
heart disease are excluded from the analj^sis although we consider the 
presence of paroxj^smal bundle-branch block in itself evidence of heart 
disease. Coronaiy or lypertensh’^e heart disease Avas present in forty- 
four patients Avhile chronic rheumatic heart disease AA^as present in six. 
The etiology of the heart disease in the remaining fifteen patients Avas 
diphtheria in four; thyrotoxicosis in three; congenital in one; and ob- 
scure in seven. Left bundle-branch block Avas present in sixty of the 
sixty-fiA^e patients, kloderate to severe heart failure Avas associated Avith 
the branch block in tiventy-fiA'c patients. 
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5. The effects of elianges in vagal tone were studied in six of our cases. 
Single bundle-brancli block complexes were obtained during vagal stimu- 
lation on two occasions in one of these. Our experience and the pub- 
lished data show that increase in vagal tone does not produce su.stained 
inhibition of bundle-branch conduction. Variations in vagal tone affect 
the conduction only by decreasing or increasing the cardiac rate to such 
an extent that the depressed branch becomes capable or incapable of 
transmitting impulses. 

6. The mechanism of ‘'partial” or “incomplete” bimdle-braneh block 
is discussed in the liglit of present experience. 

7. We conclude that paroxysmal bundle-l)ranch block (without a veiy 
short P-R interval) is as a rule a sign of serious heart disease, most often 
due to coronary sclerosis but in some eases associated with rheumatic 
heart disease, diphtheria, and factors that cannot clinically be ascer- 
tained. It is doubtle.ss more common tlian it has been thought to be; 
serial electrocardiograms taken during myocardial (conge.stive heart) 
failure, coronary in.suffieieney, and elevated lieart rates may reveal tran- 
sient defects in bundle-branch conduction. 
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A CORRELATION OF THE FLUOROSCOPIC, CLINICAL, AND 
POST-MORTEM FINDINGS IN 155 CASES OP ORGANIC 

HEART DISEASE"' 

Bernard S. Epstein, M.D., Brooklyn, N. T., and 
John B. Schweded, M.D., New York, N. T. 

O ADIOGRAPHY of tile heart is a basic diagnostic procedure which 
^ complements and augments information derived from physical 
examination and electrocardiography. Many attempts to estimate the 
size of the heart accurately have been made by radiologists ever since 
teleroentgenography became an accepted procedure. Within a com- 
parath’-ely short time correlations were evolved between the eaz’diae 
silhouette and various heart lesions. The surface area of the heart 
and the various cardiac diameters were compared witli standards ob- 
tained by similar determinations made on normal individuals. The 
correlations vary from the cardiothoracie ratio to the ratio between 
the surface area of the cardiac silhouette and the surface area of the 
body, or the body weight or height.^ 

The failing common to these procedures is that the heart is consid- 
ered as a luiit rather than as an organ composed of four interdepend- 
ent chambers. Thus they are of value in determining enlargement of 
the heart taken as a whole but offer no reliable data concerning the 
status of the individual chambers. Inasmuch as the clinical impor- 
tance of determining enlargement of the several heart chambers is 
assuming significant proportions in the study of cardiac djTiamics, a 
method which may be useful should receive careful consideration. 

Fluoroscopic examination of the heart in the right and left anterior 
oblique positions and the postei’o-auterior position is a reliable method 
based on the effects of enlargement of each chamber on the border- 
forming portions of the heart shadow as seen in the various projec- 
tions. It also takes into consideration the relationship of the heart 
to the esophagus and mediastinal structures. 

The method is essentially one which offers qualitative rather than 
quantitative data in the sense that the findings are expressed in de- 
grees of enlargement rather than numerically. 

Among those who laid the groundivork for fluoroscopic examination 
of the heart may be mentioned Assmau, Dietlen, Bordet, Yaquez, 
Roesler, Parkinson, Nemet, and others.- 

♦From the radiologic service of Dr. A. J. Bendick, Monteflore Hospital. 

ai7 
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Most observations have been based on sinaJI series of cases, not all 
of wliicli were proven at autopsy. At the suggestioji of the late Geza 
rsemet we undertook to correlate the autopsy and cardioseopie find- 
ings in a series of eases sufficient for numerical analysis. 

jrATERIAL 

This series collected over a period of six years consists of 155 cases 
of organic heart disea.se each of ivliicli had been fluoroseoped shortly 
befoi e death. 1 hanks are due the department of pathology for obser- 
vations made so that a reliable comparison could be made of the 
fiuoro.seopic and the autopsy finding.s. 

The eases are divided into two group.s, o^ie consisting of 88 ease.s 
of valvular heart disorders of rheumatic origin, the other of 67 cases 
of nonvalvular heart disease including tlie cases of hypertension and 
eardioAmseiilai' disease with arterio.sclerosi.s. The group of congenital 
heart disease cases was omitted because it was too .small to he of value 
here. No mention is made of the great ve.ssels in this report. 

Clinical observations were made by various members of the medical 
division. As a rule the clinical diagnose.s were ba.sed on the criteria 
laid down bj' the American Heart As.sociation. 

The age and sex incidence is summarized in Table T. 

Tabt.e 1 


Age A.VI) .Sex Jnv jdexce 


AGE 

j VAbVrr.AR HEART PISEASE 

XOXVAT, VELAR 

HEART ni.SEA.SB 

MAI.E 

1 FEMALE 

JtALE 

FEMALE 

0- 9 

f) 


0 

0 

10-19 

10 

8 

0 

0 

20-29 i 

14 

8 

0 

0 

-so-sg 1 

y i 

4 

1 

1 

40-49 


8 

0 

2 

50-59 

0 1 

O 

14 

6 

60-69 



20 j 

7 

TO-over 

0 1 


0 1 

0 


PROCEDURE 


Fluoroscopies were done with the patient in Die erect position. Ob- 
servations were made in the right and left anterior oblique.s and the 
frontal po.sitions. In each ease the e.sopliagu.s wa.s visualized by means 
of barium paste^ and the position of the trachea and main bronchi 
was determined. We did not use standard angle.s of obliquity .since it 
was found that the optimum angle of vi-sualization %'aried with the 


individual. 

Chamber enlargements were recorded as maximal, moderate and 
310 enlargement. No attenipt was made to distinguish hypertrophy 


*Tlie bariuih p.i-stc v.’as prepared by plovrly a<3ding f *?,hViv thick, 

.‘sulfate while sUrrfnir vigorously- Enougli w.ater f.s adde-a to fr/fla\a>rinc 

smooth mixture. A .small amount of chocolate synip ina> be .iddcd for Ra o g 
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from dilatation fluoroseopically. Post-mortem observations of tlie size 
of tbe cardiac chambers Avere made in similar degree, and the evi- 
dences of valvular defects, muscle hypertrophy, and coronary artery 
disease -were noted. 

The data also were analyzed fi'om other viewpoints. In the rheu- 
matic group the chamber enlargements associated with various vahm- 
lar defects were tabulated. The accuracy of the clinical diagnoses 
was detei'mined by comparison vdth the autopsy findings. Ventricu- 
lar thickness, the incidence of congestive heart failure, auricular 
fibrillation, and pericarditis were also noted. 

In the nonvalvular group the incidence of hypertension, coronary 
artery disease, and heart failure was correlated with chamber enlarge- 
ment, murmurs, valvular defects, and muscle thickness. The com- 
parative accurae 3 ’' of the clinical diagnoses was determined. 

FLUOROSCOPIC CRITERIA 

The ei’iteria for estimating chamber enlargement in this study are 
those submitted b\' Xemet and adopted for inclusion in the Criteria for 
Cardiac Diagnosis.^ Additional refinements since evolved were taken 
into consideration,^ 

Brieflj', the criteria are: 

1. Left Auricle . — Protrasion of the left auricular shadow into the 
retrocardiac space displacing the barium-filled e.sophagus posteriorlj', 
best seen in the right anterior oblique position. Deviation of the 
barium esophagus to the right in the frontal pro, 3 ection, found in more 
advanced cases of left auricular enlargement. Elevation and com- 
pression of the left main bronchus in the left anterior oblique position, 
indicative of vertical enlargement of the chamber. The presence of 
the right border of the left auricle just within the right cardiac 
border, or on the upper portion of the right cardiac border also may 
be determined fluoroseopicalh’^ in the more advanced cases, 

^Moderate enlargement is believed present when posterior and hori- 
zontal enlargement is found. Jlaximal enlargement is indicated bj 
the presence of posterior, horizontal, and vertical enlargement of 
more advanced degree. 

2. Left Yeniricle. — Inerea.se in the length of the lower left caidiac 
arc as measured from the point of opposite pulsation do^vnward. Fro 
jeetion of the apex below the diaphi’agm during deep inspiration, los- 
terior bulging of the left ventricle into the reti’oeardiac space and e 
pression of the inferior interventricular notch in the left anterior 

oblique position. 

3Ioderate enlargement is manifested by posterior bulging of t le 
ventricle with downward apical displacement. 3raxiraal enlargement 
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implies massive postei-ior Iniljring and depression of the interventricu- 
lar notch in the left anterior oblique vieiv. The third left cardiac arc 
is lengthened, shifting the point of opposite pulsation upward. 

Right Auricle . — Increase in the length of the right auricular ap- 
pendix segment as seen in the left anterior oblique position. Increase 
ill the acuity of the right atrioventricular aJigle in the left anterior 
oblique position. Inci'ease in the posterior convexity of the right auricle 
in the right anterior oblique position so that the shadow of the barium 
esophagus pa.sses through its opacity. This latter is indicative of en- 
largement of the body of the right auricle.' 

Moderate enlargement is considered pi-esent when the right auricu- 
lar segment is moderately increased and elevated. Maximal enlarge- 
ment means enlargement of the auricular segment so tliat it assumes 
approximately a horizontal plane. Wheij enlargement of the body of 
the chamber is present maximal eidargeinent is diagnosed. 

Right Ventricle . — Increase in the length and convexity of the 
second left cardiac arc. depressing the point of opposite pulsation as 
seen in the frontal projection. Protrusion of the anterior aspect of 
the right ventricle into the retrosternal space in the right antei’ior 
oblique po.sition (outflow tract). 

Inci'ease in the length of the diaphragmatic surface of the heart as 
measured from the rigid atrioventricular junction to the inferior in- 
terventricular notch as seen in the left anterior oblique po.sition. 
Rotation of the right auricle upwards and po.steriorly so that the right 
ventricle comes to form part of the lower right cardiac border in the 
frontal projection (inflow traet). 

iloderate enlargement of the right venti-icle is considered pre.sent 
when there is definite eidargement of the outflow tract. Maximal en- 
largement is diagnosed in the presence of both inflow and outflow 
tract enlargement. 

CORRELATIONS OF THE RADlOSCOfUC, CLINICAL, AND 
EO,ST-MORTE3I FINDI.NO.S 

Valvular Group 

1. Left Auricle (correlations pos.sible in 88 cases), — lilaximal enlarge' 
raent wa.s found at autopsy in 57 ca.se.s. Of the.se, -53 had been reported 
correctly fluoroseopically. The remaining four casc.s had been re- 
ported as moderately enlarged. 

^Moderate enlargement was found at autojrsy in 20 ca.sc.s, Eighteen 
of these had been reported correctly. Of the remaining two cases, one 
had been reported as maximallj' enlarged and one as not enlarged. 

No enlargement was found in ]] case.s, and was reported correctly 
in 10. The single ease incorrectly diagno.sed had been reported as 
moderatel}' enlarged. 
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ventricle.s and fomid 1o liave no cnlarjrenient at autopsy likewise v/ere 
found to have pi'edorninant mitral patlio]o<ry with maximal ri"ht ven- 
tricular enlargement. 

Enlargement of the right venfriele first j'csults in an increased 
prominence of its conus portion anteriorly. This is followed hy rota- 
tion towards the left and upwards as the natural restraints of the 
pericardium, steimum. spine, lungs, and remainincr cardiac muscula- 
ture exert theiv ijjfiuence. As enlargement of the J’ight vetifneJe 
progresses, the left ventricle is displaced posteriorly, so that in the 
left anterior oblique position the left ventricular segment seems to he 
larger than it actually is. 

In the frontal plane ma.xima! enlargo_unent of the right ventricle 
may result in such eidargemcnt of the transverse diameter of the 
heart that the left cardiac border, formed almost entirely hy the xnght 
A'entriele, apin-oximates tlie axilla. In these eases the left ventricle 
may he represented by a small demilune low on the left cardiac sil- 
houette. "NYe have seen eases in which tlie oitire left border of the 
heart was formed by the right ventj'icle, the left ventriele being ro- 
tated so that it assumed a compleJely posterior position. 

For these reasons a diagnosis of left ventricular enlargement in the 
presence of maximal i-ight ventricular enlargement should be made 
only after careful determination of the point of opposite pulsation in 
the frontal position to determiiie the length of the left ventricular 
segmcjit and localization of the inferior interventricular notch in the 
left anterior oblique position. A diagnosis of left ventricular enlarge- 
ment should uot he made unless there is definite elongation of the 
third left cardiac arc. depression of the i7jferior interventricular 
notch, or bulging into the retrocardiac space. 

Errors in the estimation of the size of the i-ight ventricle were less 
frequent. In reviewing the eases diajrnosed incorrectly it was noted 
that the eases of maximal enlargement wrojigly diagnosed as moder- 
ately enlarged all occurred in heax'ts with mai-ked aortic lesions (three 
cases with aoi'tie insutficiency and tv.o with' aorUie stenosi.s) w'ith 
maximal left venti-icular enlargement. 

ilassive enlargement of the left ventricle masks coincident right 
ventriculai- enlargement hy .shifting the point of opposite pulsation 
upwai’d, thereby shortening the appaj’ont extent of the second left 
cardiac arc. In the right anterior oblique position the left ventricu- 
lar mass may ovei’.sbadow the anterior bulge of tbe xlglit ventricle 
and obscui-e outflow tx’act enlargement. 

It would seem, tljen. that spe^-ial atteutiors slsould be given to the 
retx’ostemal bulge of tlie cardiac contojji' in the I'ight anterior oblique 
position before estimating tbe size of tbe right ventricle in the pres- 
ence of maximal left ventricular enlargement. The diapbragmatie 
extent of the x’igbt ventriele .shoxxld likewise be noted carefully. 
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Bxamniation of tlie patient in deep inspiration may help visualize the 
inferior interventricular notch. Quite often this landmark cannot be 
located definitely, and this should be taken into consideration before 
conclusions are readied. 

Chmcal-Pafhological Correlations 

A clinical diagnosis of congestii'e failure ivas made in 81 cases, all 
of ivhieh mere confirmed at autopsy. Of the seven patients without 
heart failure, three had subacute bacterial endocarditis, two had 
dironic nephritis, one had advanced hypertension, and one was a six- 
year-old cliild with active carditis. 

Subacute baetei'ial endocarditis occurred in 12 ca.se.s. The mitral 
and aortic valves were ecpially iiiA'olved. Congestive failure occurred 
in nine instances. 

Seven patients, all in tlie age groups above forty, had myocardial 
infarcts. 

The incidence of valvular lesions togetlier with the resultant cham- 
ber enlargements is summarized in Table II. These findings were 
derived from the post-mortem observations. 

Mitral valvular pathology alone was found in 14 cases, and aortic 
valve pathology alone was found in 12 cases. A double mitral lesion 
with a single aortic lesion (most often insufficiency) occurred 21 times, 
while a double aortic lesion with a single mitral lesion occurred but 
once. Double aortic and double mitral lesions occurred in 15 individ- 
uals, Tricuspid stenosis and insufficiency were associated with the 
double aortic and double mitral lesions three times. Tricuspid in- 
sufficiency in association with other valvular defects oecuxTed 25 times, 
while a double trieusjxid lesion occurred six times. A single aortic 
and single mitral lesion occurred ten times. Endocarditis of the pul- 
monary valve which did not produce an anatomic defect was found 
in five cases, all of which had coexistent panvalvulitis. 

The average thickness of the right ventricular myocardium in the 
cases considered maximally enlarged (55 cases) was 6.5 millimeters. 
In this group, maximal enlargement of the left ventricle occurred 28 
times, moderate enlargement 22 times, and no enlargement 5 times. 
The average thickness of the left ventricular wall in this group was 
16.0 millimeters. 

The average thickness of the right venti-icular myocardium in the 
cases considered ixioderately enlarged (25 cases) was 5.6 millimeters. 
In this group maximal enlargement of the left ventricle occurred 15 
times, moderate enlargement 10 time.s, and no enlargement once. The 
average thickness of the left ventricular wall ivas 17.2 millimeters. 

The average thickness of the right ventricular myocardium in the 
cases with no enlargement (8 case.s) was 3.2 millimeteis. In this gioup 
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maximal enlargement of tlie left ventricle occurred tliree times, mod- 
erate enlargement twice, and no enlargement three times. The aver- 
age thickness of the left ventricular wall was 16.2 millimeters. 

The heaviest heart weighed 1,400 grams, the lightest 320 grams. 
The average weight was 750 grams. There did not seem to be any 
definite relationship between the heart weights and the patients’ ages 
ill this series. No definite relationship could be found between the 
vahuilar lesions and heart weights, although the various valvular 
defects seemed to produce constant changes in the sizes of the cham- 
bers. For instance, one heart weighing 1,050 grams had a double 
mitral lesion with tricuspid insufficieuei', while a heart weighing 1,200 
grams had an isolated aortic insuf0cienc3^ Still another heart with 
an isolated aortic insufficienc}' in a patient of the same age weighed 
but 400 grams. The heart weighing 1,400 grams had mitral stenosis 
with aortic insufficiency (Table III). 


Table III 

VALVE DEFECTS 

HEART AVEIGHTS (GH.) ^VXD AGE 

OP PATIENT (YR.) 

M. S., M. I., A. I. 

630 

(16) 

500 

(38) 

550 

(29) 700 (17) 


520 

(44) 

500 

(16) 

600 

(22) 


450 

(13) 

560 

(24) 

350 

(46) 

^r. S., M. I., A. S., A. I. 

550 

(21) 

550 

(21) 

480 

(24) 


480 

(60) 

480 

(56) 

400 

(28) 


450 

(47) 

730 

(24) 



M. S., M.T., A. I., T. I. 

550 

(9) 

400 

(14) 

550 

(19) 


1200 

(17) 

550 

(29) 




400 

(12) 

400 

(24) 



A. I. 

1000 

(36) 

540 

(34) 

730 

(52) 


680 

(52) 

850 

(38) 

850 

(46) 


360 

(10) 

400 

(14) 



M. S., M. I., T. I. 1 

450 

(39) 

600 

(22) 




360 

(13) . 

1050 

(20) 



1 

640 

(44) 

500 

(18) 



M. g., M. I. 

800 

(52) 

600 

(7) 




500 

(21) 

300 

(48) 



M.I., A. I. 

950 

(22) 

500 

(11) 

660 

(15) 


480 

(47) 

1100 

(18) 



M. I. 

500 

(11) 

550 

(45) 

350 

(36) 


320 

(23) 

290 

(5) 



M. S., T.I. 

310 

(12) 

720 

(47) 



M. S., A. I. 

290 

(14) 

1400 

(22) 



M. S., M. I., A. S., A. I., T. I. 

450 

(49) 

410 

(34) 



1 

700 

(17) 

480 

(40) 



A S i 

530 

(52) 

S90 

(46) 

530 

(52) 

M. S. ! 

300 

(28) 

550 

(40) 

660 

(42) 

M. S., M. I., A. S., A. I., T. S., T. I. 

600 

(21) 

660 

(23) 



M. S., M. I., T. S., T. I. 1 

550 

(24) 





A. S., A. I. . I 

320 

(46) 





A. S., A. I., M. I. i 

M.I., T.I. j 

450 

750 

(o4) 

(13) 

580 

(S) 



IL S., A. I., T. I. ! 

600 

(22) 





M. S., M. I.. T.S., T. I., A. I. i 

350 

(14) 






Pericarditis was found in 38 cases at autopsy and was diagnosed 
during fife in 12 cases. The poor clinical showing may be due to the 
fact that the 38 cases included both old and recent pericarditis^ and 
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the patients may have been seen only diiriiig a quiescent stage. TAventy 
cases occurred in patients over twenty years old and 18 in patients 
under twenty. There was no definite predominance of an.y imhuiiar 
lesions coincident iritli pericarditis. 

Theie was complete agreement between the clinical and autopsy 
diagnoses in 32 cases. In 30 cases there iras partial agreement (by 
pai tial agieement we mean that tlie Amives iiiA^olA'cd AA'ere correctly 
diagnosed, but an error was made in the estimation of the presence 
or absence of either insuificieney or stenosis. For instance, a partial 
error was made in a ease ndiere a double mitral lesion Avitli aortic 
insufficiency Aims diagnosed clinically and mitral and aortic insuffi- 
ciency only Avas found at autop,sy). In 16 eases the clinical diagnosis 
included more pathology than actually Avas present, and in 14 cases 
a A’ahuilar defect Aims omitted in the clinical diagnosis. 

In 26 eases a complete error was made fbA' this u’e mean that a 
A'ahuilar defect Aims completely misdiagnosed. For instance, in a ease 
AAdiere a double mitral lesion and aortic insufficiency AAms diagnosed 
during life, only an aortic insuffieienc.A* aa^s found at autop,sy). 

Nonvalvular Group 

This series consists of 67 eases. The incidence of hypertension, coro- 
nary artery disease and congesth'e failure, together AAuth chamber 
enlargements found at autopsy is summarized in Table lY. 

CARDTOSCOPIC POST-MORTEM CORRELATIONS 

1. Left Auricle (correlations possible in 54 cases). — Maximal en- 
largement occurred in four eases and Avas estimated correctly fluoro- 
scopieally in three. The remaining ease had been reported as moder- 
ately enlarged. 

Moderate enlargement AAms found at autopsy in 21 eases and had 
been estimated eorreetl.y in 19. The remaining tAAm cases had been 
reported as not enlarged. 

No enlargement aa'Rs found at autop.sy in 29 cases and had been 
reported correctly in each instance. 

2. Left Y outride (correlations possible in 65 cases).— Maximum en- 
largement Aims found at autop.sy in 37 cases and had been estimated 
correctly in 34 cases. The remaining three cases had all been reported 
as moderately enlarged. 

Moderate enlargement AA'as found at autopsy in 24 eases and had 
been rejiorted correctly in 22. The remaining tAA'O cases had been 
estimated as maximally enlarged. 

No enlargement AA'as found at autopsv in fiA e cases and had been 
correctly estimated in four. The remaining ease had been lepoited as 
being moderately enlarged. 
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3. Right Auricle (correlations possible in 39 cases). — Maximal en- 
largement was present in three cases at autopsy and had been reported 
correctly in one, Tiie other two cases had been reported as being 
moderately enlarged. 

Sloderate enlargement was found in five cases and had been reported 
con-ectly in three. The other two eases had been reported as not 
enlarged. 

No enlargement was found in 31 cases and had been reported cor- 
rectly in 30. The remaining ease had been reported as moderately 
enlarged, 

4. Right Ventricle (correlations possible in 63 cases). — Maximal en- 
largement was found in nine cases, seven of which had been correctly 
j'eported. The remaining two eases had been reported as moderately 
enlarged. 

Moderate enlargement was found in 32 cases, 22 of which had been 
reported correctly. The remaining 30 eases had been reported as not 
enlarged. 

No enlargement was found in 22 cases and was correctly reported 
each time. 

The percentage of aeeui'aej' of the fluoroscopic estimation of the size 
of the left auricle was 96, of the left ventricle 92, of the right auricle 
87 and of the right ventricle 80. i\Iost of the errors were errors of 
degree, a finding similar to that in the valvular series. 

Prom the.se figures one may assume that the accuracy of the detenni- 
nation of the size of the left auricle and left ventricle in nonvalvular 
heart disease is reliable. The figures on the right auricle are meager, 
and while conclusions .should not be drawn, they seem to indicate that 
right auricular enlargement maj" be gauged with a fair degree of 
accuracy. 

The accuracj' of the estimation of the size of the right ventricle in 
this group is not as satisfactory as that for other chambers or for the 
i-ight venti-icle in the valvular group. In reviewing the eases in which 
mistakes occurred, one is impressed with the fact that all ten errors 
occurred in eases where moderate enlai’gement of the right ventricle 
was reported as no enlargement, and that almost all occurred in pa- 
tients with left ventricular enlargement (eight with maximal enlarge- 
ment, two with moderate enlai’gement). 

The reason for the mistaken diagnoses is the same as mentioned in 
the discussion of similar errors in the valvular group, namely that 
enlargement of the left ventricle increases the extent to which the 
left ventricle occupies the left lateral border and diaphragmatic por- 
tion of the heart .shadow', .shortening the second left cardiac arc and 
protruding into the retrosternal space. The reason the error in right 
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, venti'ieular estimation was greater in this group is that the incidence 

of maximal left ventricular enlargement is more frequent than in the 
valvular group. 


CLINICAL-PATHOLOGICAL CORRELA TIONS 

In reviewing the figures in Table IV it is noted that the eases with 
h^’perteiision alone and hjqiertension with coronary artery disease (22 
cases) have a lower incidence of riglit ventricular enlargement than 
those cases in which cardiac iusufiSeiency had supervened (45 cases). 
The average thickness of the right ventricular myocardium is greater 
in the eases with heart failui'e also. It would seem, then, that the 
presence of heart failure is one of the important factors in the pro- 
duction of the right ventricular hypertrophj' in this series of eases. 
A corollary to this statement may he that the presence of definite 
right ventricular enlargement is presumptive evidence for cardiac in- 
sufficiency, not necessaril}' jiresent when the chamber enlargement is 
first noted. 

Left auricular enlargement also was more frequent in eases with 
heart failure. 

The eases with hypertension alone or hypertension with heart failure 
have heavier left ventricular myoeardiums than the cases with lu’per- 
teusion and eoronarj* artery disease. This finding raises the question 
as to the relationship between cardiac h 3 qiertrophy and existent vas- 
cular supply. 

Aneurj^smal dilatation of the left ventricle was found at autops.v in 
nine case.s. A correct diagnosis was made fluoroscopieally four times. 
In four of the cases in which the diagnosis was not made the aneuiysm 
involved the posterior aspect of the left ventricle, and in one case the 
right ventricle. 

Definite murmurs were audible in 41 cases. Of these, a rough s^’s- 
tolic apical murmur was heard in 7 cases, a soft apical systolic murmur 
in 22 cases, a generalized precordial s.ystolic murmur in five eases, and 
a basal sj^^stolic murmur in two cases. A basal S 5 ’'stolic and diastolic 
murmur was heard in five cases. 

Definite valvular defects were found at autopsy in 10 cases. Four 
of these were aortic insufficiency on a luetic basis, one a initial stenosis, 
two mitral nisufficiencjq one mitral stenosis and insufSciencjq and one 
mitral insufficiencj' with tricuspid insufficiency. 

The clinical diagnoses and post-mortem findings were in good agree- 
ment so far as the presence of coronary aitei^' disease, caidiac infaic- 
tion, and heart failure was concerned. 

CONCLUSIONS 

1 Cardioseopj^ is a satisfactory procedure for the qualitative esti- 
mation of the degree of enlargement of the individual heart chambers. 
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2. A series oi! 355 cases of valvxilar and nonvalvular heart disease is 
analyzed nmnerically from Ihe viewpoint of chamber enlargements, 
valvular defects, ventricular hypertrophy, murmiu’s, cardiac failure, 
and the accuracy of clinical diagnoses as compared with autopsy 
findings. 

3. Errors in estimating the size of either ventricle are more frequent 
when maximal enlargement of the other chamber is present. Certain 
precautions in avoiding the.se errors are mentioned. 
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THE POSSIBHjITY OF EMBOLI PKOM ARTERIAL THRO]\'IBOSIS 
SHORT-CIRCUITING- PERIPHERAL AND PULMONARY 
CAPILLARY CIRCULATIONS 

Report of a Suggestb^ Case 

Lewis P. Prissell, M.D. 

New York, N. Y. 

pOR years the medical fraternity in dealing ^Yith arterial thrombosis 
has had a sense of security from embolism in such lesions owing to the 
protection of the eapiUary network through which presumably emboli 
could not pass. 

Certain unusual features are presented in the case abstracted below 
which suggest tliat partial revision of this view may be necessary. 

A man sixty-eiglit years of age who had previously been in excellent health was 
suddenly seized with an attack of pain on exercise in both feet and legs. His pre- 
vious vascular condition, as far as could be determined by physical examination, 
cardiogram, and x-ray, had been excellent and he had played hard tennis within four 
weeks of the onset of his illness, in itself a fair test of both cardiac reserve and 
circulation in his legs, though accidents have been known to occur in such conditions 
without previous symptoms. 

His swnptoms increased gradually for a month, with progressive disability until 
the date of his hospital admission on which he showed evidence of thrombosis of 
the arteries in both lower extremities probably on an arteriosclerotic basis. The 
lesion was more extensive on tlie left where the tibial artery u-as involved than on 
the right where only the arteries of the foot were aifected. The extent of the lesion 
was demonstrated by the oscillometer and therniometric observations. Within a few 
days both femoral arteries were also involved. His vascular condition, other than 
his legs, showed no demonstrable change. Cardiograms liad been taken in 1924, 
1933, and 1934 and except for lessened amplitude in T^, which in August of 1935 
was almost isoelectric, were unchanged. Tliese changes are certainly not unusual 
in a man of his age. The x-ray film of the lieart covld he superimposed on those 
taken on many occasions in the past ten years and there -cas no calcification of the 
aorta, while the femoral and tibial arteries showed only slight calcification. 

His physical examination was negative except for the vascular condition of the 
legs. The retinal arten'es showed no change. 

His Mood count was as follows: Hemoglobin, 100 per cent; Bed blood cells, 
4,830,000; "White blood cells, 7,500; Polymorphonuclears, 59 per cent; Lymphocytes 
38 per cent; Monoertes, 1 per cent; Basophiles, 1 per cent; Eosinphilcs 1 per cent. 

Hrine was negative. 

Thorough examination showed no demonstrable focus of infection, though for 
some years he had had a slight Vincent's infection of the gums, which Avas under 
control at the moment. 

Three AA^eeks previous to the onset of his leg symptoms he had had a febrile at- 
tack Avith gastric and abdominal symptoms, lasting a week, of nnknoAvn causation. 

History, except for the excessive use of tobacco, AA'as excellent. 

To save his leg, treatment by the PaA-ex Boot, Avith its intermittent negative and 
positive pressure phases, Avas instituted, with marked improA-ement in the local circu- 
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lation. On September 7 lie began to have a little abdominal pain, Avith right sided 
costovertebral tenderness, and a little temperature, leucocytosis of 8,000 with 70 
per cent polys, which rose on the eighth to 12,000, with 83 per cent of polynuclear 
cells. There was no pus in the urine. 

On September 10 he had a little tingling in the left arm and a little ataxia in the 
finger to nose test. He Avas seen by a neurologist avIio found no sign of central in- 
volA'cment. This, however, went on to a definite left-sided ptosis Avitli A-cry slight 
speech defect and Avas folloAved by tremor and AA'cakness of the left arm, Avhich Avas 
obviously central. On the eleventh of September he had a severe attack of upper 
abdominal distress Avith nausea and A’omiting. In the absence of organic intrinsic 
lesions of the stomach, gallbladder, or upper intestine, which AA’cre ruled out by 
x-ray examination, avo began to think in terms of cither extension of his thrombosis 
to the abdominal vessels or a coronary thrombosis Avithout prceordial pain. The 
latter proA-ed to be the case as .‘-■hown by the cardiogram of September 12, 



Fig. 1 . FIs. 2. 


On September 24 he dcA'cloiied a hcav focus of clotting, the radial artery in the 
right arm. The sj-raptoms of this lasted only a fcAV hours. 

Por years he had had a Ioav rather than high blood pressure, 112/70 and 115/60 
in 1934. Blood pressure on admission was 120/G2 but rose Avith the increase of his 
thrombosis to averages of 100 to 180 systolic and 70 to 90 diastolic, AA'here it had 
remained until .June, 1937. 

Pour months later, treatment still being continued, he had a second coronary 
attack. The causation of his initial lesion and of his numerous arterial accidents 
Avas puzzling to us. There was no evidence of anaphylaxis or infection. With each 
coronary occlusion he had a rise in temperature, leucocytes, and sedimentation rate. 
His uric acid had tended to be high for a number of years; 5,0 mg. per 100 c.c, in 
1934; 4.8 mg. per 100 c.c. in 1933. On .Sept. 12, 1935, blood urea Avas 0.30 gm. per 
liter; blood Nonprotein nitrogen, 0.33 gm. per liter; blood carbon dioxide combining 
poAver, 50 per cent. On September 20 blood cholesterol Avas 208 mg. per 100 c.c. 
On October 8 shoAved blood amylase 23,8; October 22, blood urea AA-as 0.38 gm. per 
liter; blood cholesterol 225 mg. per 100 c.c. and blood uric acid 3.0 mg, per 100 c.c. 
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HoTrerer, the tobacco and an unknown infection seemed to be the most reasonable 
■precipitating causes in a man with only very slight demonstrable arterial changes, 
could find no evidence of infection elsewhere and were inclined to think of the 
explanation as slow and generalized endarteritis, though we called the cause X-factor. 

The treatment by the boot method was discontinued in the spring of 1936. Since 
tliat time he has had no further arterial accidents. 

Having noticed in tiie literature reference to the oecurrenee of arterio- 
venous anastomoses, it seemed possible to the author that the alternating 
negative and positive pressures of the boot might have dislodged thrombi 
existing in the arterioles or in the Suquet-Hoyer canals. A discussion of 
the literature on these vessels maj" be pertinent in a theoretical discussiou 
of the ease. 

The arteriovenous anastomosis first described by Hoyer^ in 1877 was 
considered a very exceptional formation and of importance only in giv- 
ing rise to the glomus tumor. The luiiversality of its oecurrenee in tlie 
digits of the feet and hands and its functional importance in protecting 
extremities from cold has been proven by Grrant^ and by German ob- 
servers^ and the presence of thrombi in the anastomoses themselves as 
occurring regularly in thrombo-angiitis obliterans has been demon- 
rtrated by Popoff,^ "We may well pause and consider the possibility of 
an embolus becoming detached, passing into the veins, the heart, and the 
lungs. The problem is the probable clinical elfect. In this a considera- 
tion of the size of the anastomoses is important. Grant gives the diam- 
eter as from 18 to 150 microns. Popolf,^ however, states that in thrombo- 
angiitis obliterans abnormal functionless anastomoses are found which 
are much larger, 100 to 350 microns in diameter. The number of normal 
anastomoses is given by Grant as 50 to 500 per square centimeter. Ex- 
cept possibly from thrombosis in these abnormal anastomoses a lesion 
in the lung caused by embolism nonseptic in nature would be difficult if 
not impossible to detect eliniealljx Tlie rich pulmonary blood supply 
W''ould probablj’’ prevent increase in size of the small initial lesion. The 
result, then, of an embolus passing from tlie periphery into the lungs 
through arteriovenous anastomoses is xirobably, from a clinical point of 
view, relatively unimportant in noninfectious thrombosis. In a septic 
thrombosis, however, this might well give a clue to the origin of certain 
unexplained septic lesions in the lung. 

Does this, however, complete the picture? The pulmonary capillary 
svstem still jirotects the arterioles of the general .si stem fiom embolic 
processes. Are there any means by wliich tlie capillaries of the lesser 
circulation may be short-circuited? Olkon and Joannides' by direct 
observation demonstrated capillary vessels of two distinct calibers in the 
network of the capillary bed. Daly comments, “In this observation we 
have evidence that the blood in a number of the smaller capillaries cover- 
ing the alveolar surface can be shunted through other channels.'’ Hac- 
Gregort’ also suggests that a vascular shunt exists, in his work with drug 
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injection into isolated lungs. Wearn’s repetition' ot Thebesius’ e.xperi- 
mcnt® has shoMui a direct connection other than through the eajhllaries 
between the coronary sinus and the heart chambers, “Thebesius intro- 
duced his blowpipe into the coronary vein and observed the bubbles 
escaping into the immersed chambei’s. In this study the experiments of 
both Vieussens and Thebesius have been confirmed. Moreover, Avlien per- 
fusion was carried out through the coronary sinus at in’cssures ranging 
from 50 to 350 mm. Ilg almost all of the perfusate ran out through tlie 
Thebesian vessels, and in only a few imstanees did a few drops escape 
through the coronary arteries. The result was obtained when saline, 
acacia, agar, and gelatin were used. Again in these hearts the capillaries 
Avere not injected thus showing that the iieilusate must have escaped by 
a more dii’ect and larger communication between the veins and the 
Thebesian vessels, without having passed through tlic capillaries.” 
Finally Daly" in his recent Harvey lecture arguing from a teleological 
vienTJoint based on arterial pressure in the lesser and the bronchial cir- 
culations, from nerve distribution and nerve stimulation, and from the 
fact that it is known that blood is not always circulating through the 
Avhole of the pulmonary vascular bed, reaches the folloAving alteimatiA’c 
conceptions : 

First; A conception of a p\ilmonary vascular bed “in wliich a number 
of arteriole capillary vessel networks exist in pai’allel, so that arteriole 
constriction of one network diminishes the blood floAV in the network it 
supplies, but shunts the lilood through the remainder. This would not 
be effective in opening up all the alveolar capillaries, which is the desired 
result during muscular activity.” 

Second: He next applies the hypothesis of direct arteriovenous anasto- 
moses mentioning that Grant proved in the rabbit’s ear their direct con- 
trol by the sympathetic nervous system and suggests that this hypothesis 
best conforms to the needs of the body for oxygenation during exercise. 
“The cxi.stence of such a mechanism Avould largely overcome the difficul- 
ties of correlating pulmonary sympathetic vasoconstrictor action AAoth 
mu.scular exercise. Under resting conditions a certain number of the 
communication channels Avould be open and the alveolar capillary bed 
Avhich they shunt, closed, Avhereas during muscular exercise the con- 
comitant stimulation of the pulmonary .sympathetic nerves would close 
the communicating channels and dh^ert the blood through the capillaries, 
so increasing the vascular bed available for the uptake of oxygen.” 

Fat embolism, clinically, has been known to pass the peripheral eapil- 
lai’ies and pulmonaiy capillaries and manife.st itself in peidpheral le.s'ions. 
(See “Emboli.sm,” Nelson Loo.se-Leaf LiA'ing Medicine, Vol. 4, page 
590.) 

The exi.stenee of anastomoses betAA^een artery and vein in the lesser cir- 
culation AA'ould remoAm the protection of the capillaries of the lesser cir- 
culation and an embolus, originating in the arterioles of the foot for 
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example, miglit sliort-circuit botli peripheral and pulmonary circulations 
and cause a lesion in the terminal arterioles of the periplieral circulation. 

oiild this be clinically manifested? In certain situations this prob- 
ably can be answered in tlie affirmative, as in terminal arterioles of the 
coionaiy and cerebral arteries for example. The obvious criticism is 
that such a lesion is too small to be clinically recognized. While true of 
lesions in most locations it is suggested tliat even in a microscopic lesion 
tlic block of tlie arteriole and the eonseciuent surrounding edema might 
bo reeognizalile by electrocardiogram if located in certain of the coronary 
vessels. Any arteriole block would be followed by a tlirombosis in the 
stagnant blood stream iiroximal to it, at least as far as the nearest 
proximal branch and possibly much further, Acith an ever Avidening 
radius of encircling edema. Such a lesion might AAmll cause clinical 
subjective symptoms as avcII as certain electrocardiographic changes 
should the initial lesion be in the coronary arterioles. 

The short-circuiting then of the periplieral capillary circulation for 
small emboli through arteriovenous anastomoses is certainly a physical 
possibility. The short-circuiting of the pulmonary capillary circulation 
by the means of these anastomoses is as yet liypothetical. A direct short- 
circuiting of the entire pulmonary circulation lias been proA’en by the 
experiments of Thebesius and Wearn.® To offer an open patliAvay to the 
actual passing of an embolus tlirough this patliu'ay, liOAvever, is depend- 
ent upon pressure considerations of AA'hich too little is ImoAAui. 

As an alternative sugge.stion to the generalized endarteritis as a cause 
for the patient’s numerous arterial accidents, I am presenting the pos- 
sibility of dislodg-nient of thrombi proven by Popoff^ to exi.st in at least 
one of the obliteratiA’e diseases, thrombo-angiitis obliterans. Such emboli, 
the dislodgmcnt of Avhieh A\muld certainly be aided by the intermittent 
negathm and. positWe pressure, might, as sketched, short-circuit the 
peripheral capillaries through the arterioA’enous anastomoses and the 
pulmonary cii’culation short-circuit the capillaries tlii’ough the pulmo- 
nary arterioAmnous anastomoses or the entire pulmonary circulation 
through the Thebesian vessels. 

So far AA'e liaA^e sIioaa'u a possible path based onlj on phy.sieal oi me- 
chanical considerations by AA'hich emboli dislodged from a peripheral 
arteriole might short circuit both peripheral and pulmonai'A circuits and 
again lodge in the jieriphery. If, hoAA'eA'er, the element of infection be 
considered, the possibilities of passage are increased. Clumps of bacteria 
or even small particles of a diameter less than tA\ o led cells AAOuld leadil} 
pass the capillaries in both greater and lesser circulations and hence 
cause the peripheral lesions obseiwed in the aboA e quoted case. 

It cannot be denied, hoAA'eA'er, that a conception of a generalized en- 
darteritis may be the solution of the etiological problem and that the un- 
laioAAm infection from Avhich the patient suffered a month prior to the. 
onset of his sAunptoms may have resulted in the lesion m his leg and 



340 


THE AMERICAN HEART JOURNAL 


also in l)is coronary and cerebral arteries. It is, however, significant 
that these accidents to the coronary and cerebral arterioles occurred 
only during the period of treatment with the intermittent pressure hoot 
and that since the discontinuation of this treatment fifteen months ago, 
he has had no further accidents. It is, therefore, suggested tliat the 
di.slodgmcnt, by the treatment itself, of emboli which passed through 
anastomoses of both peripheral and pulmonary circulation.s, may have 
caused his numerous arterial accidents. If the infectious idea be ac- 
cepted, the intermittent pressure might as readily have sent infected 
particles through the eajiillary circulations. 
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THE DETERMINATION OF EXERCISE TOLERANCE 

TWO-STEP TEST^^ 


by the 


John A. Reisinger^ j\I.D. 
Washington, D. C. 


'^HE diagnosis of heart disease involves a consideration of etiology, 
anatoinj'", phj siology, and the ability of the patient to perform 
physical exertion. Fairly satisfactory criteria have been establislied for 
the interpretation of the anatomical and physiological abnormalities tliat 
a patient maj'- present, Imt manj^ complications are encountered when 
an estimate of the exercise tolerance or functional capacity is attempted. 
Tlie reserve power of the myocardium will determine in a large degree 
tlie amount of exertion that an individual can accomplish, altliough there 
are other factors, such as age, sex, muscular development, coordination, 
and reflex vascular responses, tiiat affect tlie exercise tolerance. Fur- 
tliermore, the ability to perform pliysical exertion may vary from day 
to da}' in the same individual and is influenced by such factors as the 
general well being, sleep, pain, psychic stress, diet, atmospheric condi- 
tions, and iDTobablj" many others. 

To define a standard of aecomplisliment for any particular group of 
individuals is obviously difficult, if not impossible, and such a standard 
must necessarily have a wide range of variation for normal individuals. 
Practically, it is not difficult to classify patients as to their functional 
capacity for clinical purposes, if they present obvious signs or convinc- 
ing. symj)toms of heart failure while at rest, or on slight exertion. Not 
infrequently, however, patients in whom no abnormalities are discovered 
either by physical examination or by other diagnostic methods complain 
of symptoms suggestive of heart disease. This group is a particularly 
important one to those practicing medicine in cases where compensation 
is involved. In the age distribution of patients seen in Veterans' Ad- 
ministration Facilities, arteriosclerotic heart disease without definite 
physical signs must be considered and distinguished from the so-called 
functional heart disease and other noneardiac illnesses, Any method that 
will aid in demonstrating the presence or absence of myocardial or coro- 
nary insufficiency is therefore liighly desirable. 

Many tests have been proposed for estimating the exercise tolerance 
or functional capacity depending upon some strain, sucli as the phj sical 
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effort of i-iding a bicycle to produce abnormal pliysiological responses 
characteristic of lieart failure. Since these plienomena vary consider- 
ably, the criteria have Ijcen unsatisfacloiy and many of the tests are 
technically difficult and, tliei-efore, limited in their ])ractieal usefulness. 
It has long been Iniown tliat the blood pressure and pulse j-ate increase 
during work, but it has not been determined satisfactorily wliether the 
blood pressui-e re.sponses, which occur during cxorciso, are due to the 
increased output of the heaii, or to increased ])erii)heral resistance. 
Wiggers* has demon.strated the type of blood pressure and pulse rate 
changes usually seen during exercise, by means of a circulatory schema, 
in which the heart rate and .sy.stolic discharge are increased and the 
l^eripheral resistance then lowered. In the human subject, however, the 
I'egulation of blood pressure is eom])]ieatcd by p.s3'ehic reactions, reflexes 
from the sino-aortic region, hormonal constrictor and dilator substances, 
and probabh' a different re.sponse in various ])aris of the vascular sys- 
tem at the same time. 

]\Iany attemjjts have been made to obtain a jneasure of the functional 
capacity of the heart by observing the blood in'o.ssure and pulse rate 
before and after various ty])es of exercise. Of the man.v modifications 
that have been proposed, the one dc.scribed b\' IMastei’ and Oppenheirner* 
and bj' aMaster'* appears to have certain advantages for routine deter- 
mination of the exercise in ambulator.v i)atients. The apjjaratus required 
is .simple and easily available; the exercise is one that mo.st individuals 
are accustomed to, without training; the amount of work performed can 
be roughI,y measured and tables of .standard exercises, which take into 
consideration the age, sex, and weiglit of the individual, are available. 

In the IMaster te.st the resting blood pressure and pulse rate are com- 
pared with the values for these phenomena two minutes after complet- 
ing the exercise, Avhich consists of repeated ascents on two steps, each 
nine inches high, a standard number of times in one and one-half min- 
utes. If the levels for the blood pre.ssure and pulse rate do not differ 
from the resting level, bj’’ more than ten points, the patient is considered 
to have a normal exercise tolerance. It is proposed to report our experi- 
ence with the ixse of this te.st clinically and in addition .some observa- 
tions on the specifieitj' of the criteria. 

METHOD 

One hundred patients were examined who presented .sjTnptoms sug- 
ge.stive of heart disease, tlie presence of which was subsequently con- 
firmed in some cases bj* objective evidence, while in a larger group no 
definite signs of heart disease could be found. Some of the latter group 
were suffering from conditions that might influence the general toler- 
ance to exercise. 
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111 all eases a complete medical history was taken and a physical ex- 
amination iierformed, after which the patient was allowed to lie on the 
examining table without being disturbed for at least thirty minutes, 
imtil the blood pressure and pulse rate seemed to be constant. Blood 
pressures were taken on the left arm using the auscultatory method and 
a mercury manometer. Diastolic pressure was read at the point where 
the sounds lieeame very faint just before completely disappearing. On 
subsequent tests tlie preliminary historj' and phj^sical examination were 
not repeated and no patient was tested who presented obvious signs of 
failure. Several patients were examined whose chief complaint sug- 
gested the anginal syndrome, but the exercise, required of them for a 
routine examination, did not precipitate any typical attack of pain. 

The iiressor reflex, according to the technique of Hines and Broira,'* 
the vital capacity, an electrocardiogram, and x-ray film of the heart, 
were also obtained in most eases. 

The results of the exercise tolerance test were not conclusive for 13 of 
the 100 cases, because in 12, the number of ascents on tlie steps was not 
standard, although the blood pressure and pulse were within normal 
limits at the end of two minutes and in one, the exercise was standard, 
])ut the pulse rate was high, due to many premature contractions. It was 
not possible to do more than one test on any of tliese subjects. 

Two patients discontinued the exercise because of severe breathless- 
ness although their blood pressure and pulse rate were not elevated. One 
of tliese had a tracheotomy, which presumably reduced liis ventilation, 
and the other had a possible pericardial effusion which was never estab- 
lished as the true diagnosis. 

Four discontinued the exercise because of wealaiess and giddiness 
after doing from 63 to 87 per cent of the standard exercise. In all cases 
the blood iiressures and pulse rates were normal. 

When patients complained of severe symptoms, they were usually 
allowed to do the first test at a rate that was comfortable for them, and 
as a result, the exercise was not standard in 15 other cases. In this 
latter group, however, there was evidence of diminished tolerance in the 
blood pressure or pulse rate, in spite of the substandard exercise. 

CONSTANCY OF RESULTS 

The exercise test was performed two or more times on 30 patients, and 
in 19 there was agreement in the tests performed on separate days ; that 
is, the blood pressure and pulse rate were either vdthin ten points of the 
resting level on both days, or exceeded ten points on both days; in ten 
cases they were within normal limits on both tests, and in nine eases they 
were interpreted as showing diminished tolerance in both tests. In the 
latter group, one patient vdth hypertensive heart disease showed dimin- 
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ished tolerance in tliree tests and after hospitalization for several weeks 
had a normal tolerance, although the Wood pressure continued high. Two 
patients were examined a year after the first test and their reactions 
were practically identical in both tests. 

In four patients, the systolic blood pressure remained elevated at the 
end of two minutes in the first test, but on the second examination the 
blood pressure and pulse rate were normal. One patient had mild hyper- 
tensive heart disease and the second examination was made four days 
later when he stated that he felt better. In one other instance, the ex- 
aminations were six days apart, while the other two were examined on 
successive days and their reactions on the first day were only slightly 
below normal. These four patients were listed among those ■\vith nor- 
mal exercise tolerance for the general tabulation. It is impossible to say 
what part hospital rest and relief of emotional tension played in chang- 
ing the response; however, they are likel}* factors, as lilaster® reports 
that variation in the general well-being due to loss of sleep, excessive 
smoldng, and various drugs such as the barbiturates, caused a reduction 
of tolerance in his normal series. Three of these four patients were 
given diagnoses of neurocirculatory asthenia. 

In the remaining seven patients the two examinations were not com- 
parable for various reasons. The exercise was not the same on both 
examinations in three cases; the blood pressure re.sponse being nonnal 
when less exertion was performed and excessive when more exertion was 
done; and obvious psychic distui’bance in the other four patients pre- 
vented the development of proper basic conditions before or after the 
exercise in at least one of the tests. 

It is apparent that uncontrollable factors, such as emotional insta- 
bility, may cause blood pressure and pulse rate changes, indicating a 
decreased tolerance, which cannot be confirmed by other tests or other 
clinical methods. Although the results of this method of testing exercise 
tolerance were consistent in the majority of cases, the inconsistent results 
cast doubt on the interpretation of responses indieating decreased 
tolerance. 

TYPES OF REACTION 

Master^ and Nylin® refer to the reports in the literature of observa- 
tions sho-^ving the tendency for the sy.stolic pressure to be elevated after 
exercise, while the diastolic pressure and pulse rate exhibit little variation. 

The usual reaction in the 132 tests in our series was a moderate eleva- 
tion of the systolic blood pressure above the resting level, two minutes 
after completing the exercise, with slight changes in the diastolic pres- 
sure and pulse rate above or below the resting level. In 52 instances the 
systolic pressiu’e was more than 10 mm. of Hg above the resting level, 
which corresponded to similar excessive rises in diastolic pressure in 
only four cases and pulse rate increases of more than 10 beats per mm. 
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in twelve patients. Only three patients exhibited a significant increase 
of pulse rate who did not show a comparable elevation of the systolic 
pressure. 

A considerable proportion of all the patients showed only a decrease 
in the diastolic pressure after exerci.se, perhaps because of failure to get 
a basic level during rest, while the systolic pressure was below the rest- 
ing level two minutes after exercise in onl.y 17 tests. Three patients 
exhibited a decrease of systolic pressure of more than 10 mm. of Hg. 
This could not be explained on the basis of observed changes in the 
cardiac mechanism, although they all presented marked circulatory 
symptoms and particularly asthenia. It was not possible to reproduce 
similar symptoms by stimulation of the vagus through the carotid sinus 
reflex and it was inferred that a peripheral mechanism was responsible 
for the failure to maintain the level of systolic pressure in these patients. 

The pulse rate, counted by manual palpation of the radial arteiy, was 
below the resting level in approximately 25 iier cent of all the tests. 
The decrease was more than 10 beats per minute in only three patients, 
two of whom had restmg levels above 100 beats per minute. Bierring, 
Larsen, and Nielsen® state that they have never seen the pulse curve, 
after exercise, fall below the resting pulse in normal persons, and have 
seen it only infrequeiitlj' in cardiac patients. These authors recorded 
the heart rate electroeardiographieally, while in our series the decrease 
in pulse rate, after exercise, was observed by a less accurate method, and 
no particular significance was attached to it, 

RELATION TO THE PRESSOR REFLEX 

Since the systolic elevation of the blood pressure was the principal 
criterion for determining diminution of the exercise tolerance by the 
Master test, as indicated in the previous section, it was desirable to exam- 
ine the reaction of the blood pressure to other stimuli than exercise. 

Hines and Brown"* proposed the cold pressor test which, thej^ believe, 
indicates “the potential reactabOity of the vasomotor nervous system 
and that hjTperreactions are synonymous Avith potential or existent hyper- 
tension, AAflether the levels of the blood pressure are increased or not.” 
Assuming this to be true, a hyperreaction Avhich is defined as a minimal 
increase in the systolic blood pressure of 26 mm. of Hg, or of the 
diastolic pressure of 22 mm. of Hg might also be reflected in the blood 
pressure reaction to exercise. The number of patients with hyperten- 
sion in anj^ group Avill affect the number shoAving a hyperreaction to 
cold, as a high percentage of patients AAuth elevated blood pressure give 
an excessive reaction to the cold stimulus, according to Huies and Bi’oaati. 
This Avas demonstrated AAdien the patients Avere classified according to 
the presence , or absence of definite evidence of heart disease or hyper- 
tension. The heart disease group contained 61 per cent of h 3 'perreae- 
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tors to tlie cold test, M-liile the group wiHiout definite heart disease or 
liyperleiision contained only 39 per cent liyperreactors. Dividing the 
patients on tlie basis of tlieir response to tlie step test, patients ivith 
hypertension appeared in both the normal and diminished groups hut 
principally in the latter. The percentage of patients .showing hyper- 
reaction to the cold test was 35 per cent in tlie Jiormal exercise tolerance 
group and 55 per cent in the diminished tolerance group. 

In order to a^'oid an arbitrary division into group.s, 83 patients were 
chosen who had completed botli the pressor reflex and exercise tolerance 
tests on the same day, A correlation was run between the maximum 
.sy.stolic blood pressure elevation during the cold .stimulus, and the eleva- 
tion of the systolic blood pressure two minutes after exercise. The co- 
efficient of the correlation derived was +9 out of a possible 100 for a 
perfect correlation, which expre.sses a very low grade relationship. On 
the basis of this comparison, the blood pi'essure and pulse rate re- 
.sponses to exercise were jiot apparently related in any important 
degree to the “potential readability of the vasomotor nervous .sy.stem” 
as shoAvn by the cold pressor test, and might, with more assurance, be 
considered an evidence of response to factors outside the vasomotor 
system. 

RELATION TO THE LIL.7E.STRAXD-ZAXDER PRODUCT 

Nylin® refers to the reports of Lilje.strand and Zander who observed 
a linear relation.ship between the i)roduct of the “reduced amplitude” 
(ratio of pulse pre.ssure over mean blood pre.ssure) multiplied by the 
pulse rate, and the minute volume of the heart- In Nylin’s report he 
showed that the Liljestrand-Zander product was retarded in its return 
to normal in heard patients with decompensation although the values for 
noianal and decompensated individuals overlapped. 

We calculated the Liljestrand-Zander product from our data for the 
blood pressures and pulse rates at rest and two minutes after completing 
the exercise, expre.ssing the difference as a jjlus or minus percentage of 
the product of the values at rest. In our series, the average dilference 
was -rl6.8 per cent (.standard deviation 17.20^ in the patients with 
nonnal tolerance, according to the step test, and -r35 per cent (stand- 
ard deviation 22.88) in the patients with diminished tolerances. The 
range of the percentage differences between the products at rest and 
after exercise was from -r57 per cent to —13 per cent in the normal tolei- 
anee group and from +82 per cent to —19 per cent in the diminished 
tolerance group. Because of the large standai'd deviations, the differ- 
ences in the two groups were not significant and would not indicate any 
correlation between the interpretation of the .step test and the Liljes- 
trand-Zander product. Our observations were not sufficientlj' prolonged 
to determine the time required for the product to retuim to nonnal 
values. 
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If the Liljestraiid-Zander product has a linear relationship to the 
minute output of the heart, our data would indicate that the minute 
volume might be increased or decreased after exercise in both normal 
individuals and patients with heart disease, with a tendency for a 
greater increase in the latter group. Similarly, the values for the actual 
product varied widely* and were often highest for those who presented 
the most evidence of heart disease. Starr, Collins, and Wood," reported 
“certain patients with advanced m^mcardial disease have larger cardiac 
outputs than some normal persons” and concluded “these values throw 
very little light on the condition of the heart.” Harrison® summarized 
the results of various investigations of the cardiac output in heart fail- 
ure, stating “no parallelism exists between the severity of the symptoms 
and the level of the cardiac output.” 

Assuming, therefore, that the Liljestrand-Zander product does have 
a close relationship to the minute volume of tlie heart, the absence of 
significant correlation between the interpretation of the step test and 
either the product or the percentile change of the product after exercise, 
does not necessarily invalidate the step test as a method of determining 
functional capacity of the heart. 

RELATION TO VITAL CAPACITY 

Tlie vital capacity was determined for 81 of the 87 patients for whom 
there was an exercise tolerance test that could be interpreted, and this 
was compared with the calculated theoretical capacity, based upon 2,500 
c.c. per square meter of body surface as proposed by West® for normal 
individuals. It is well recognized that many factors besides pulmonary 
congestion due to heart disease will affect the vital capacity and that 
there is considerable variation among normal subjects, although the 
vital capacity for the same normal individual is quite constant. 

The vital capacity of the patients with definite heart disease without 
anj' signs of failure varied from 50 per cent to 101 per cent of their 
calculated normals, while the vital capacity in the group without definite 
evidence of heart disease ranged from 55 per cent to 112 per cent of the 
calculated normal; the average for the two groups was 76 per cent and 
83 per cent, respectively. 

When compared with the results of the step test, regardless of the 
presence or absence of signs of heart disease, the patient with a normal 
tolerance had an average vital capacity of 82.5 per cent of the calculated 
normal and those with a diminished tolerance, an average of 78.3 per 
cent. Statistically this was not a significant difference. A frequency 
curve showed the peak of incidence at about 70 per cent of the theoretical 
normal capacity for both groups; the group with diminished tolerance 
had more cases below 60 per cent, wliile the group with normal tolerance 
had a greater number with 100 per cent or more of the calculated vital 
capacity. 
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In 20 patients tlie vital capacity was measured Ijeforc and immediately 
after exercise. In all but one ease, the latter reading was le.ss than the 
first, the average reduction being 308 e.c. or about 10 per cent of the 
resting capacity. Levine and Wilson^** reported only a 2*per cent reduc- 
tion in normals exercised to breathlessne.ss. As a rule the vital capacity 
was reduced less thati 10 per cent and in some in which re.spiratory di.s- 
t]-e.ss seemed mo.st prominent, the percentage reduction was the lea.st; 
thus it did not seem po.ssiblc to eoiTclate observed breathlessne.ss with 
j-eduetion in the vital capacity. Levine and Wilson’*^ reported in pa- 
tients with “ii'ritable heart’' tlmt the brcathle.s.sness was out of propor- 
tion to the vital capacity, while the difference between mild and .severe 
cases was not great. Arnett and De Orsay” and others have pointed 
out the variability of the vital capacity, and emphasized that the value 
of the examination is largely in comparing measurements, from time to 
time, on the same individual. 

In our series, there was very little correlation between the vital ca- 
pacity and definite signs of heai-t disease. On the basis of We.st’s fomiula 
for normal men, Arnett'- concludes that an ab.solute reduction of 1,644 
c.e. from the calculated theoretical capacity is significant, being three 
times the standard delation. Only 18 of our patients showed this 
amount of absolute reduction, some only after exercise, while several 
patients with severe heai-t disease, including two who died within a year 
with heart failure, did not show this much reduction. It appeared, there- 
fore, that, as an isolated examination, the mtal capacity did not con-es- 
pond do.sely either to the tolerance to e.xerei.se, as e.stimated from the 
history and the step test, or to the evidence of heart di.sease in patients 
without definite failure. 


RELATION TO DIAGNOSIS 

The final consideration, in determining the usefulne.s.s of the tvro-step 
test for estimating exercise tolei'ance, was to compai’c the interpretation 
of the test with other clinical manifestations. For this purpose the 
patients were classified in four groups on the basis of their re.sponse 
to the step test and the presence or absence of definite evidence of heart 
disease. The gi’oups were as follows: (1) diminished exercise tolerance 
vathout heart disease; (2) dimini.shed exercise tolerance with heart dis- 
ease; (3) normal exercise tolerance without heart disease: (4) normal 
exercise tolerance v-ith heart disease. The first and last ela.ssifications 
presented the principal inconsistencies between the clinical signs and the 
results of the step te.st and ivill be discussed in mo.st detail. It should 
be noted that, on the basis of historj’-, pi’actically aU of these patients 
could be said to have had some impairment of functional capaeitj', al- 
though in mam’’ instances the physical examination did not reveal suf- 
ficient cause, either in the heart or other .systems, to account for the 
disability- 
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111 the groiiii with dimmished tolerance and without definite evidence 
of organic disease of the heart, there were 19 men with an average 
age of forty-five years, ranging from thirty-eight to fifty-seven years. 
All of these patients complained of symptoms suggesting circulatory 
dysfunction, and some had been told that they had heart disease. Breath- 
lessness, on exertion, was one of the most common complaints, but fatiga- 
bility and precordial pain were more often causes for disability. In 
several cases the principal problem was to determine whether thoracic 
pain Avas significant of the anginal sjmdrome. Five patients gave a his- 
tor.y of repeated attacks of unconsciousness and two had suffered from 
conAuilsive seizures, of unlmoAATi cause, for manj'- years. Several Avere 
chronic alcoholics; one had had a recent attack of acute cholecystitis; 
one had severe diabetes AAdiich AA'as not properly stabilized ; and one had 
had a recent postoperatiA^e respiratory complication. In addition to 
these ilhiesses, tAvo patients presented the manifestations characteristic 
of severe neurocirculatory asthenia, and an associated “nervousness” or 
other psychoneurotic complaints AA'^ere the rule ratlier than the exception 
throughout the group. At least nine of the 19 patients claimed that the 
onset of their sjanptoms occurred during their military service, about 
eighteen years preAUously, and most of these men had done very little 
AAmrk, because of their symptoms, since discharge from the service. 

None of the patients in this group exhibited enlargement of the heart 
on physical examination and the teleroentgenograms shoAA^ed no unusual 
configurations. The blood pressure aa^s not consistently elevated in any 
of the patients ; the highest s.ystolic jjressure Avas 158 mm. of Hg and the 
highest diastolic pressure AA^as 90 mm. of Hg. There Avas no evidence of 
involvement of the heart valves in any patient. 

Electrocardiograms Avere obtained for all patients in this group and 
Avere normal, with five exceptions. In one tracing, the voltage of the 
QRS complexes Avas 0.5 millivolt or less in all three leads, in another 
the heart rate exceeded 100 beats per minute, and in a third tracing the 
voltage of the T-Avaves in Lead I AAms less than 0.1 millivolt. An 
electrocardiogram Avas obtained on one patient, shortly after a fainting 
attack, Avhich shoAved slight depression of the R-ST intervals, as com- 
pared Avith previous tracings. In the filth patient a record was obtained 
during an attack of paroxysmal auricular fibrillation ; however, on the 
folloAAung day after the cessation of the attack, an electrocardiogram 
Avas obtained AAdiich shoAA’^ed no abnormality. Changes, of the type enu- 
merated above, hai^e been described as occurring in patients Avith no ap- 
parent heart disease, 

, It could not be definitelj^ determined whether some of the patients in 
this group had coronary arteriosclerosis AAuth myocardial impairment, 
and AAdiether the patient AAdth jjaroxysmal auricular fibrillation had 
organic heart disease, but it was the clinical opinion, based on other 
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methods of examination, that the symptoms whicli we presenter] 
were not due to oi'ganic lieart disease. If this was time, it would appear 
that tlie blood j)rcssure and pulse rate responses to exercise maj' be exag- 
geiated in the absence of organic disease of the heart w'hen there is 
disease or dysfunction in othei' systems. Less than a year' has elapsed 
since most of these patients were examined by the Uvo-step test and 
subseciuent events may indiriate that greater specificity for the test 
might have been assumed. 

Tlicre W’cre also in our sei'ies, 15 patients who had definite simis of 
lieart disease or liypeitcnsion wdio gave a normal response to the step 
te.st. The patients with resting blood pre.ssures above 150 systolic and 
90 diastolic were included in this group, whether cardiac enlargement or 
myocardial damage ivas demonstrable or not, although only two of the 
nine hypertensive patients showed any sugge.slive changes in the electro- 
cardiograms. Of the remaining six patients, two had rheumatic hear! 
disease, with mitral stenosis,- one had congenital patent ductus arterio- 
sus; and one showed a short auriculoventricular conduction time, with 
Iirolonged intraventricular conduction time, and a hi.story of paroxy.smal 
tachycardia. In this patient the lesion might have been a congenital 
abnormality and not necessarily disabling, except during the paro.xj-sms 
of tachycardia. One patient was considered to have arterio.sclerotic heart 
disease largely on the basis of a historj- of an acute coronarj* occlusion 
two years previously, although a small do^raward deflection (Q) in 
Lead IV was the only residual evidence of myocardial damage. Anrjther 
patient was given a diagnosis of probable aiterio-sclerotic heart disease, 
on the basis of a histoiy of pain on effort and low' voltage T-waves in all 
leads. This patient’s threshold for pain production mu-st have been high 
because he did not develop pain while completing a test %vith twice the 
number of ascents standard for his age and w'cigbt. 

It was con.spicuous that the cardiac involvement in these patients when 
present w'as not severe and was not incompatible with a good e.xerclse 
tolerance, indicating good myocardial reserve. They "vvould have been 
grouped clinically in Classes I and IIA according to the Amerlesn 
Heart Association rating of functional capacity. 

Tiventy-one patients were eomsidered to have both a diminished exer- 
cise tolerance and lieart disease, although in three patients, with the 
exception of slight h^-pertension, there was verj- little on which to 
base a diagnosis of heart disea.se. In general, the cardiac involvement 
exhibited was definite and was more severe in these patients than in those 
in the pre\uou.s group. The electrocardiographic changes in II in.stanees 
indicated myocardial damage, the average age was .slightly higher (forty- 
eight years) and more patients were eon.sidered to have arterioselerotie 
h^rt disease; but in some instances the cardiac reserve, estimated clm- 
icallv from the hist.or%L was not less than in patients in which the step 
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test was within normal limits. At the time of the examination none of 
tlie patients liacl any signs of congestive failure, although one has sub- 
sequently progressed to this state, and one died following surgical treat- 
ment of a carcinoma of the rectum. 

TJie largest group contained ‘32 i:)atients wlio sliowed a normal response 
to the step test and had no definite evidence of heart disease. Two of 
tliese patients sliowed occasional premature contractions in the electro- 
cardiogram ; the voltage of the QRS complexes was low in two cases ; two 
showed sinus tachycardia ; and one a deep Q,. In the absence of other 
changes it was considered that these deviations were not evidences of 
myocardial change. As in the other groups some of these patients com- 
plained of fatigue, dyspnea, paliiitatiou, fainting, and pain in the chest. 
The exercise test was most in accord with the clinical findings in this 
group, as it suiipdrted the opinion that no organic disease of the heart 
was present when objective signs Avere not discovered upon Avhich to base 
a diagnosis. Most of these patients appeared to belong to the psychoneu- 
rotie classification and diagnoses of neuroeirculatory asthenia had been 
earned, in some instances, for nianj^ years. 

HEART PAIN 

Several of the patients in this series complained of precordial pain, 
Avhieh Avas not usually typical of significant heart pain, although the 
differentiation, entirely on history, Avas not satisfactory. These patients 
AAnre ghnn a standard test and if pain did not develop, they were in- 
structed, at a subsequent examination, to make as many ascents as pos- 
sible or until pain deA^eloped. In some cases such a procedure caused 
pain after a comparativelj^ fcAV ascents, hut AA’-heu the patient complained 
of general fatigue, AAuthout developing heart pain, the history of thoracic 
discomfort AA^as largely discounted as evidence of serious coronary artery 
disease. 

COMMENT 

It is apparent from the preceding discussion that a decrease in the 
exercise tolerance, as manifested in the step test, Avas not considered to be 
an infallible evidence of heart disease, because A^arious extracardiae fac- 
tors, such as infections or abnormal mental states, Avith autonomic 
nervous sj^stein imbalance, might be responsible for the character of the 
blood pressure and pulse rate responses. 

In this group of patients AAdio complained of sjauptoms under slight 
to normal activity there AA’-as generally fair agreement betAA-een the results 
of the test, the extent of the cardiac involAmment found on examination, 
and the estimation of the functional capacity from the histoiy. In some 
instances, hoAA'eA-er, the diminished tolerance observed by the test Avas 
definitely inconsistent A\'ith the results obtained in other cases, judging 
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by the pnlicnts’ slatemoiits as to their habitual activity and the degree 
of cardiac involvement. It does not seem warranted, therefore, to place 
much value upon tJii.s te.st as a dependable measui’e of decreased cardiac 
functional capacity. 

Since the exercise ^vas mild, it was not thought incongruous that some 
patient.s’ nith oi’frai)jc disease of. the heart .slionld have a normal exerei.se 
tolerance by this test, indicating a fairly good cardiac reserve. Unless 
a maximum .sf.rain is impo.sed upoji the heart, however, the earliest .stages 
of lieart laihire cannot be differentiated, and the re.spon.se of the patient 
with orgajiic damage maj'- be a.s good as that of the normal individual to 
milder exercise. For this reason normal exercise tolerance by the two- 
step test cannot safely be interpreted as indicating that no reduction 
in the functional capacity of the heart exists. On the other hand, no 
patient, wlio was judged clinically to have wore than moderately reduced 
functional capacity, gave a normal respon.se to the test, 

With these limitations in mind, the test provides a means of examining 
a patient’s response to exercise under reasonably standard conditioms, 
bnt the interpretation of the test should not be given any deci.sive im- 
portanee. 

COXCLUSrONS 

The test was easily performed and did not require complicated ap- 
paratus or much cooperation on the part of the patient. 

Tile results were occasionally difficult to interpret and did not alwaj's 
agree on successive days when the same patient was tested. 

The usual response, two minutes after completion of the exercise, was 
an elevation of the s^'^stolic blood pressure wliieh appeared to be unre- 
lated to the level of tlic resting blood pressure or the response to a cold 
water stimulus. 

The relation of the sustained rise in the systolic blood pressure to the 
condition of the heart could not be directly demonstrated, and in the 
absence of definite organic disease of the heart, other condition.? such as 
infections and psych on euroses were associated noth reactions character- 
istic of diminished exercise tolerance. 

.A. diagnosis of heart disease is not warranted, based on the re.sults of 
the two-step test alone. 

A single test is not dependable evidence of reduced functional capacity 
and repeated tests that agree sliouM be given only suggestive value. 

The earliest stages of heai-t failure cannot be differentiated by the 
test, although normal responses are more dependable and indicate normal 
or only slightly reduced functional capacity. 

A modification of the test is a useful method of studying patients who 
complain of thoracic pain. 
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TRANSIENT, RECURRENT, COMPLETE LEFT BUNDLE- 

BRANCH BLOCK 

Report of a Case 

Louis Paugeres Bishop, Jr., IM.D. 

New York, N. Y. 

I N ALL probability transient, complete biindle-brancb block is not a 
rare condition. Nevertheless, thei’e have been very few recorded 
observations of this condition. 

case report 

The patient, a man, aged sixty-eight years, first came to me on April 1, 192S, 
complaining of slight palpitation after pla 3 'ing eighteen holes of golf, and with thi.s 
a feeling as though his heart were irregular. This was his chief complaint and only 



Tie. 1. — Electrocardiogram t4497)A. April T>, 1928. .Slight palpitation after 

eighteen holes of golf. Xo evidence of Intraventricular conduction. P-H, O.IC ; 
QP.S, O.OC. 

occurred following prolonged exercise. Two j'cars before I saw him he had had a 
bilateral herniorrhaphy, with an uneventful postoperative course. Eemainder of past 
historj- and familj' liistory were noncontribntory and irrelevant. 

On phj'sical examination he appeared a robust, well-preserved elderlj' man Ijang 
perfectly flat on the table without discomfort. He luid a fairly marhed coarse tremor 
of both liands and evidence of generalized arteriosclerosis. His heart was not en- 
larged, rate was moderate, with regular sinus rhythm; there was a .slight^' rough 
short systolic murmur at the ha.se. The remainder of the phj’sical examination was 
essentiallj' negative. Likewise on fluoroscopj- the heart presented an average 
silhouette, e.xeept for slight widening of the aortic arch shadow, 

jMboralory Findings. The blood Was.'-'ermann reaction was negative. Hetl blood 
cells numbered .o, 100, 000, and the hemoglobin was 308 per cent. The urine shov.’cd 

3.54 




BISHOP: LEFT BUHDLE-BRAXCH BLOCK 


355 



Pig. 2. — Electrocardiogram (4497)B. March 24, 1931. Patient having occasional 
attacks of palpitation. Complete left bundle-branch block. Numerous auricular and 
ventricular extrasystoles from different foci. P-R, 0.1 G ; QRS, 0.1 G. 



Pig. 3. — Electrocardiogram (4497) C. Sept. 10, 1931. Patient playing nine holes 
of golf twice a week. AsjTuptomatic. Complete left bundle-branch block. P-R, O.IG : 
QRS. 0.16. 



Pig. 4. — ^Electrocardiogram (4497)D. June 24, 1932. Asymptomatic. No conduc- 
tion defect. T-waves negative in all three leads. One ventricular extrasystole. 
P-R, O.IG; QRS, O.OG. 
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a faint trace of albumin, which was not always present in subsequent specimens. 
jSTonprotein nitrogen was fairly constant and was around 42 ing. per 100 c.c. through- 
out nine years of observation. 

Clinical Course and Electrocardiograms . — Ten electrocardiograms were taken from 
first oflice visit in April, 1928, through the most recent examination in Pebruary, 
1937. The first tracing (Fig. 1) showed no significant findings. The .second (Fig. 2) 
in March, 1931, three years later, revealed a complete left bundle branch block. Sev- 
eral weeks prior to this he had had an automobile accident without serious injury, but 
following this he had had palpitation frequently. In September, 1931, six months 
later, the bundle-branch block was still present (Fig. 3) and in addition, T, had 
changed from negative to positive. At this time he was relatively asymptomatic and 



Fig, 5 — Electrocardiogram (4497)E. Jan, C, 1933. Continue.s asymptomatic. 
Note last three comple.xe.s in Lead I. P-R, 0.1 C ; QBS, 0,06. P-wave.s present, 
QRS, 0.16, 



•'•—October, 1934(G). April, 1935(H). March,1936 (I), 
Electrocardiogram (4497) October, 1934, to February, 1937. No 
Permanent left bundle-branch block. 


February, 1937(J)' 
cardiac symptoms. 


was playing nine holes of golf a day. MTien next seen on .Tune 24, 1932, nine months 
later, his block had disappeared, and T, had changed back from positive to negatir'C 
(iig. 4). This was the first available ciidcnee of the transient nature of this 
block, and at the time of his visit in .January, 1933, eight months later, quite by 
accident an interesting demonstration of this was obtained. The electrocardiogram 
(Fig. 5) caught three complexes in Lead I, showing bundle-branch block, while 
the remainder of the tracing was normal, except for T-wave negativity in all three 
lead.?. Nine months later a left bundle-branch block was present in all three lead.? 
(Fig. G), and this persisted throughout four subsequent tracings taken at ap- 
proximately yearly inteiwals. Throughout this entire period the patient has con- 
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tinued to live an active life mentally and physically and, except for a little palpita- 
tion occasionally, a little dyspnea on moderately sevei'e exertion, and recently a few 
dizzy spells, he has been symptom-free. 

DISCUSSION 

Conduction bundle-braneli block defects are generally considered 
manifestations of severe myocardial damage, and when present usuallj^ 
remain as a fixed condition throughout life. Few exceptions to this 
observation have been recorded. This applies only to bundle-branch 
block as a manifestation of organic heart disease and does not include 
the so-called functional bundle-branch block described by Sigler,^ or 
those cases of bundle-branch block with short P-E. interval in healthy 
individuals recorded by Wolff, Parkinson and White,- and since de- 
scribed bj’’ many others. Nor does it include those transient episodes 
of impaired conduction of the bundle induced by the combined admin- 
istration of digitalis and quinidine. 

Attention has been called reeentlj’- to the infrequency or recurrent 
bundle-branch block b}'' Willius and Anderson,^ who added one case 
to the six previously described in the literature; of tliese seven cases 
four were examples of complete and three of incomplete bundle-branch 
block. WiUius and Anderson® point out that in all the six cases pre- 
viously described in the literature the episodes of conduction bundle 
defect were associated with periods of cardiac insufficiency; in one they 
were related to attacks of paroxysmal auricular fibrillation; in the others 
they were associated either mtli attacks of pulmonai*}^ edema or with 
other manifestations of decompensation and disappeared when com- 
pensation was restored. The case of Willius and Anderson® was of 
particular interest because of the complete absence of cardiac sj^-mptoms 
at any time in spite of the complete bundle-branch block as well as 
prolonged A-V conduction-evidence of fairly profound interference in 
impulse conductivity. 

SUMMARY 

A case of transient recurrent complete left bundle-branch block fol- 
lowed over a period of nine years with electrocardiograms is reported, 
and the meager literature is briefly reviewed. 
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DISSECTING ANEURYSM OP THE AORTA; ANTE-MORTEM 
DIAGNOSIS AND COURSE FOR FIFTY-THREE DAYS"' 

Case Report 

T. S. Ceaiborne, M.D., and Emort D. Holler, M.D, 
Atlanta, Ga, 

T he clinical diagnosis of dissecting aneuiysm of the aorta has been 
made with increasing frequencj’- in the past two or three years. Yet 
the number of eases reported is few and the following typical ease is 
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Fig. 1. Serial electrocardlogi’ams taken on the first, second, seventh and tenth days 
01 nine.ss. There js no evidence of coronarj' occlusion. 

reported in an attempt to continue the interest that has been stimu- 
lated. The observations on this patient cover a period of tifty-tliree 
days. 

case report 

The patient, T.S., was a forty-tive-ycar-old colored male janitor admitted to Grady 
April 20, 1937, with the complaint of severe abdominal pain. 

•From the Department of Medicine. Emorj' University School of Jledicine. 
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Fast Kistory . — ^His past liistorj contained few important items. Nine years 
previously he had been treated for an inguinal adenitis associated with recurrent 
gonorrhea. No Wassermann test of the blood was reported and no estimation of his 
blood pressure was made. 
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Three years prior to Iris present admission he had a penile sore diagnosed as pri- 
mary syphilis. He stated that a 'Wassermann test on Ids blood was positive at that 
time and tliat he received 16 injections for syphilis. During and since tliat time the 
patient had worked regularly^ as a janitor and had had no complaints. 

Present Illness . — ^His present illness began at 1:00 a.ji. on April 20, 1937, at which 
time he ■was awakened with a severe pain under the lower angle of the left scapula. 
The pain was sharp and constant and at first did not radiate. It was not described 
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as “tearing” by Uie patient. The pain was so severe that be was taken to the 
cmcrgcncv clinic where lie rvas given one'fourtii of a grain of morphine and returned 
home. I'lis pain was not lessened. About two liours after the onsets the pain began 
to move around to the left flank and to the abdomen about the navel. It remained 
constant and excruciating in character. There was some nausea but no vomiting. The 
patient had “cold .sweat.s,” but he did not ha%-e a “fear of impending death.” 
Seven or eight houns after the pain began it became .slightly le.ss severe and at this 
time the patient was seen in the medical clinic. 

Examination.— Ha was a mu.scular colored man, obviou.sly .suffering from pain. 
His face was drawn and he groaned con.sidcrably. He was more comfortable bending 
slightly forward than in other positions. There was engorgement of the neck veins, 
reaching on the left to the lobule of the ear and on the right only one-fourth of this 





distance. The patient’s temperature was 98.4° F., his re.spiration.s numbered 30 per 
minute, his pulse 80 beats per minute. The pupils of his eyes were equal on the two 
sidc.s. On examimation of the ocular fundi, a well-advanced sclerosis of the arteries 
was found ; there were no heraorrhagc.s. Examination of the lungs revealed no ab- 
normal hnding.s. There wore no abnormal pulsations about the neck and che.st. 
The radial and brachial arteries were sclerotic and tortuous, and the pulse of the 
two arms was synchronous aiid of good c.xcursion. The apex beat of the lieart was 
risible in the fifth interspace and rvas forceful and even. The area of cardiac dull- 
ness was norra.'d in .size. The sounds of the heart were of fair quality, there was no 
gallop rhythm and there were no murmurs. The aortic second sound was accentuated. 
Estimations of the blood pressure in the four extremities were as follows: Eight 
arm 2E)/140 mm. Hg, left arm 240/MO, mm. Ilg, right leg 270/100 mm. Hg, left leg 
_/ O/IOO mm. Hg. The abdominal examination showed nothing significant, the descend- 
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ing aorta could be felt pulsating. The white cells in the blood numbei’ed 7,000 
per cubic millimeter. A probable diagnosis of dissecting aneurysm of the aorta was 
made. This opinion was furtlier supported by fluoroscopic examination of the heart 
a few hours later, which showed a diffuse enlargement of the aorta below the arch, 
with pulsations of it anteriorly and not ijosterioiiy. Also during this first day 
further evidence of a dissecting aneuiysm Avas found by a demonstration of a dif- 
ference in the venous pressure in the two arms, measuring 110 mm. water in the 
right arm, and 350 mm. water in the left arm. 



Fi?. 4. — ^Roentgenograms taken in anteroposterior position on the first, tliirty-flrst, 

and forty-third days of illness. 



Fig. 5. — ^Roentgenograms taken in the right oblique position on first, thirty-first, and 
forty-tliird days of illness. Note the local bulge AA’here the final rupture occurred. 


Course. — The patient remained in the hospital for fifty-three days prior to death 
and further observations of interest are presented in Figs. 1 to 7. The Wassermann 
reaction of the blood was negative on three occasions. In the first part of the pa- 
tient’s illness albumin Avas present in the urine and later it Avas absent. Serial 
electrocardiograms (Fig. 1) taken on the first, second, seventh and tenth days showed 
no evidence of coronary occlusion. In Fig. 2 is a record of the variations in tem- 
perature, Avhite blood cell count, and sedimentation rate of the blood. The number 
of AA'hite cells in the blood was usually elevated but Avas AA-ithin normal limits on the 
day before death of the patient. The sedimentation rate of the blood was ab- 





362 


THE a:mericax heart journae 


normally rapid on four estimations. In, Fig. j.s shown Uie daily variation in the 
systolic blood pre.ssure in the two legs. Tlic diastolic blood pressure remained 
})arallel to the systolic. On the .seventh day pulsations in the right femoral 
artery ceased for two days, but returned later; however, tlie blood pres.sure 
in the right leg remained at a lower level than that in the left leg for a 
period of [ibout si.v weeks. The cau.'-e of this occlusion is shown in Fig. 7 
to be a large thrombus surrounding the right iliac artery. In Fig.s. 4 and 5 
are .shown roentgen ray examinations of the heart on the fir.st, thirty-fir.st, and 
fortv-third days, in anteroposterior and right oblique views. In the oblique view a 



Fig-. C.- 
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heart and upper aorta. The Intimal tear lias Ijc 
■ hehin.l It m.ay be seen the deep sac and the 

0 e.vtern.-d rupture. 


en cut 
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Jiu.ciiiar outpoucliing of the adventitia can be seen in the aneurysm and the pointer 

.‘-how,- about where final rupture occurred info the left pleural cavitv on the fifty- 
third d:iy. 


Durinj^ the fii>t wefdc oi hin iilne.-H the patient HutVered with pain to the extent 

t ut inorphirie niih required frequently to him comfort. "WHicn tlie oceluHion of 

t le ilhir artery oeeurred (.seventh day) lie had a mild pain and numbness in 

i i. d le/ and it became cool to the touch, TIuk lasted only two day« and ceased 

.oni j^ nt ^r.nhinl return of pulsations in the femoral artery. Often 

inrij^ 11 . 1 ne^- tlu" patient would have a moderate exacerbation of the abdominal 
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pain, but it was never as severe as the original pain. Changes in the physical exam- 
ination were scarce. In the third week an area of dullness was noted in the upper 
dorsal chest and the area gradually increased in size during the weeks prior to death. 
The patient improved subjectively during his hospitalization and on the fifty-second 
day and fifty-third day he was allowed to sit in a chair. He died suddenly and 
quietly during the night in bed, fifty-three days after the onset of his disease. 

Posl-Mortem Examination . — Necropsy showed death to have been caused by rup- 
ture of the aneurysm into the left pleural cavity. The pleural space contained about 
three liters of blood. The final rupture of the aorta occurred in the outpouching 



Eig. 7. — Photograph of the heart and entire aorta, (fl) Site of rupture into left 
pleural cavitv. (&) Orifice of celiac axis from which the vessel was torn by the 
dissecting column of blood, (c) Orifice of superior mesenteric artery, (d) Rpai 
arteries; they were not torn loose, (c) Pointei* in the orifice of the right iliac arteiy 
and below the pointer may be .seen a large laminated blood clot. 

shown in Fig. 5. This sac contained a laminated thrombus adjacent to the point of 
rupture, the tear measuring 2 by 0.25 cm. It was located in the anterior wall of the 
aorta, was diagonally situated and was 16 cm. distal to the aortic valve (Figs. 6 
and 7). The dissecting column of blood liad torn away several intercostal arteries 
and also tlie, celiac axis and superior mesenteric artery (Fig. 7). However, no change 
due to deficient blood supjfiy was visible in the intestines because the lumens of these 
large, vessels were patent into the external column of blood and no thrombi were 
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present. The dissection of llie aortic wall continued downward to and around botli 
iliac arteries and a large laminated clot (6 by 5 cm.) surrounded the right iliac 
artery (Fig. 7). 

Tlie heart was not enlarged, weight was approximately 350 gm. The coronary 
arteries were patent and only slightly sclerosed. The aorta showed no evidence of 
sj'philis grosslj' or microscopically' and showed moderate atheromatous changes. 
Microscopic sections of the aorta showed that the dissection tooh place between the 
middle and outer thirds of the media, the usual location. 


COMJIENTS 

In the past six months three thorough reviews,'*’ ^ of this subject 
liave been published. Eoesler and his coworkers have accepted 17 
cases of dissecting aneurysm of the aorta diagnosed ante mortem and 
proved by autopsyL Seven other eases should he added to this number ; 
another case reported by White and his associates;^ thi’ee recently 
reported by Paullin,** one reported by Blackford and Smith,'^ one diag- 
nosed by Vaughan and reported by Samson,^ and one reported by 
Gurin and his coworkers,® diagnosed and proved at operation. These 
with the ease reported bring the total number to 25 reported cases 
correctlj’^ diagnosed ante mortem and proved. 

SUMMARY 

A case of dissecting aneuiysm of the descending aorta is reported 
in which the diagnosis was correctly made and in which observations 
on the patient were made during fifty-three days prior to death. 
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SPONTANEOUS RUPTURE OP THE AORTA WITH HEMOPERI- 
CARDIUM CAUSED BY COARCTATION 

Robert P. Regester, M.D., and Margaret B. Innes, A.B. 

Phieadedphia, Pa. 

C oarctation or stenosis of tlie aorta (adult type) can be de- 
scribed as a congenital maldevelopment of tbe descending arch 
of the aorta either at or just below the insertion of the ductus arterio- 
sus. The coarctation may vary in degree, from a moderate narrowing 
of the great blood vessel to an abrupt constrictioii and, in some cases, 
complete obliteration. Clinically, coarctation of the aorta is marked 
bj^ the development of a collateral circulation the extent of which is 
dependent on the severity of the stenosis, with forceful pulsation in 
the episternal notch and carotids, retardation or absence in the 
femorals and tibials, and hypertension in the upper extremities in con- 
junction with a decreased blood pressure in the lower part of the 
bodj''. AbbotU believes the presence of these signs alone justify a 
tentative diagnosis of stenosis. Other investigators have emphasized 
the value of roentgen examination and electrocardiographic study as 
confirmatory evidence. The x-ray film may show erosion or scalloping 
of the under siuTace of the ribs, depending upon the size and vigor- 
ous pulsations of the collateral vessels, h 5 "pertroph 3 ’' of the heart par- 
ticularly of the left side, dilatation of the ascending aorta, absence 
of the normal aortic knob and dilatation of the first part of the aortic 
arch. Pray^ feels that it is possible to establish the diagnosis in al- 
most eveiy case where a complete x-raj’- study of the heart and aorta 
can be made. There have been a number of cases of coarctation re- 
ported in recent literature, the diagnosis based entirely on clinical 
and x-raj'- findings.^’^^ 

The case to be presented is one of extreme stenosis (adult type) of 
the arch of the aorta with death caused by spontaneous rupture of 
the ascending portion and resulting hemopericardium. In analyzing 
the modes of death from coarctation, AbbotU found spontaneous rup- 
ture occurring in only 33 cases in a series of 200. There have been 
four eases reported since 1928.^^'.^® Although the diagnosis of coarcta- 
tion was not definitely made previous to autopsy, it was suspected as 
the possible causative factor of the massive pericardial effusion which 
obscured the heart signs. 


CASE report 

C. McI., an unmarried white male of nineteen years, was admitted to tlie Delaware 
County Hospital on Oct. 13, 1935, complaining of pain in the upper portion of the 
chest, the lower part of the neck, and a thumping” above the sternum, these symp- 
toms having developed suddenly during his attendance at an evening outing in 
a park adjacent to the hospital. There was no history of weakness or disturbance 
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of circulation in the lower extremities. During high scliool, the patient was uhovc 
the average in scholastic ability and his athletic activities included the winning of 
the school letter in basket ball and football. Following an attack of measles at the 
age of eight years, a physician apparently told the mother that the patient had 
“heart disease,” but of minor importance. In 1934, during a routine physical 
e.xamination for freshmen in college, it Avas di.scoA'cred that he had high blood pres- 
sure Avhich Avas again noted approximatel3' ten months later Avhen he attempted to 
obtain a position. His father died of heart disease; the mother Avas Ih'ing and fairlj' 
well; one brother and one sister Avere liA'ing and aa'cII. 

On Oct. 35, 3935, the Avriter Avas called to see the patient in comsultation Avith Dr. 
H. I>ennox H. Dick. Examination reve.aled a AA'cll-dcA'cloped and AA'cll-riourished 
A'oung man, sitting upright in bod, Avho Avas dA’.spneic, .slightlj' jaundiced, and Avho 
appeared graA'clj' ill. There Avas marked pulsation Avith a distinct thrill over the right 
side of the neck about one inch aboA-e the claA-icle and a similar finding in the 
suprasternal notch. The upper limit of cardiac dullness Avas not determined as it 
seemed to e.xtend into the nock. In the second interspace, dullness extended 4 cm. to 
the right of the midstemal line and 5 cm. to the left; in the fourth inter.space, 
3 cm. to the right; left border 14 cm. to the left AA-here the .apex beat AA-as distinct!}' 
felt. Point of maximal impulse AA'as located in the fifth interspace about 13 cm. 
from the midstemal line. The heart .rounds AA'crc regular and rapid, Avith a loud, 
rough, .sj’stolic munnur oA-er the bodj' of the heart, the aortic area, and on the left side 
posteriorh* beneath the scapula. The blood pressure at this time AA-as 390/150 in the 
left arm and 130/90 in the right as compared to 394/329 on admi.ssion (arm not 
stated) ; blood pressure in the loAA'cr extremities AA-as not attempted becau.se of the 
graA-e condition of the patient. The pulse rate AA-as 128 and the temperature 98. The 
lung.s Avere clear. A diagnosis of large pericardial effusion or liemopericardium due 
to rupture (cause undetermined, po.ssiblj- coarctation of the aorta) Avas made. 

Laboratoi-A' e.xamination shoAved the blood count to be uverage, except for a Avhite 
count of 38,400 Avitli 81 per cent neutrophiles; the blood "Wa-ssermann and Kahn 
AA'erc negatiA'e. Blood cliemistrA', nonfasting, shoAA'cd sugar 317.5 mg,, urea nitrogen 
25.2 mg., and creatinine 1.0 mg. The urine Avas clear. 

An x-raA' film of the chest taken Oct. 34, 3935, In- Dr. Paul Bi.shop, shoAA-ed 
marked enlargement of the heart, the right side more than the left. The aorta Avas 
Avidened but there AA-as nothing to suggest aneur^-.Km. The lung fields A-.-ere relatiA-elA' 
clear except for some trunk .“hadoAA- aa-IucIi aa-os probabl}- circulator}- in origin. Taa-o 
days later the chest x-r.-iy Avas repeated AA-ifh some increase in the size of the heart 
noted and a A-ery definite increase in the vertical diameter of the left side of the 
heart AA'ith obliteration of the nuijor portion of the concaA'ity of the left border and 
heart A-essels. This change in .“o short a time AA-as in support of the diagnosis of 
pericardial effusion. 

Electrocardiographic study of October 10. revealed a P-K interA-al of 0.30 second; 
there was a suggestion of a Q-Avavc in Dead I and a definitely positive Q-wave in 
Lead III. The T-Avave Avas erect in I..eads I and II, inverted in Dead III, and 
dipha.sic in Lead IT. There Avas a marked elcwafion of the Il.S-T segment in Leads 
I and II. The tracing Avas suggestiA-e of marked myocardial damage and peri- 
cardial irritation. 


I’aracentesis of the pericardium Avas attempted on October 10 but no fluid Avas 
obtained and the patient 's condition Avas not altered by the procedure. His pulse Avas 
rapid, the heart aetjon and signs Avere the .same as previously noted. On the follow- 
m,, d.a}, October 17, the general condition of the patient aa'us unirnproA-ed; the apex 
b«it was still located in the fifth interspace about 14 cm. from the midstemal lino; 
T le murmurs a. ere pre.-ent and there AA-as a thrill on palpation OA-er the stemocleido- 
mas Old muscK During the day, his blood pressure dropped to 130 svstolic in the 
right arm and loO systolic in the left. The patient expired suddcnlv'at 9:45 r.xr. 
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Autopsy Report by Dr. A. D. Waltz 

Tlie body was that of a white male, nineteen years old, about six feet tall, well 
developed and of an athletic build. No difference could be detected between the 
development of the upper and lower extremities. 

On opening the chest, the pericai'dial sac was found to extend from the left 
chest wall to a point about 3 cm. to the right of the sternum, and from tlie clavicle 



Fig-. 1. — Electrocardiogram showing marked elevation of the RS-T segment in Leads 
I and II. particularly Lead I. Note the practically normal chest lead. 

to the fifth intercostal space, measuring 21 x 19 x 10 cm. The pericardium contained 
a huge blood clot (495 gni.) surrounding the heart. The heart measured 14 x 
12 X 9 cm. and with the pericardial sac weighed 770 gm. The total mass, heart 
and the blood clot -within the pericardium, weighed 1,265 gm. The heart was re- 
moved with' a portion of the descending aorta. The aortic arch was dilated to 4.8 
cm. in diameter; the descending aorta -was kinked and narrowed at a point 1 cm. 
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distal to the left subclavian artery. The lumen at this point was nearly occluded 
by a diaphragm-like obstruction with a central opening only 0.5 cm, in diameter. 
The aorta below this point was 1.8 cm. in diameter, definitely smaller than normal. 
The arch of the aorta showed a diagonal, zigzag tear in the posterior wall 2 cm. 
long, 1 cm. above the aortic valve. Blood had passed through this tear, burrowed 
between the adventitia and media of the aortic arch, and produced a dissecting 
aneurj'sm which had ruptured into the pericardial sac. The pericardium, the 
epicardiuin, the pericardial clot, and the edges of the aortic tear wore roughened 
by early fibrous adhesions. The circumference of the valve orifices were: mitral 



Fig. 2.- — Arrow indicates the stenosis which has been increased in size during 
photography. A Hhow.s the outer wall of the dissecting aneurj’sm, mesial to which 
part of the blood clot can be seen. 


valve 9.0 cm., aortic valve 7.5 cm., tricuspid valve 11.0 cm., pulmonary valve 8,0 cm. 
Tlie thickness of the muscle walls mea.surcd: left ventricle 2.3 cm., left auricle 
0..J cm., right ventricle 0.9 cm., right auricle 0.2 cm. The valves were normal and 
the muscle was red and firm. 

The coarctation of the aorta was not discovered until the heart had been removed, 
tlicrefore no .satisfactory study could be made of the collateral circulation to the 
lower extremities. However, there was no apparent enlargement of the intercostal 
arteries. 

Other post-mortem findings were those secondary to heart failure; congestion and 
edema of the posterior portion of both lungs, congestion of liver, spleen, kidneys, 
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bladder and gastrointestinal tract. The anterior portion of the left lung was 
partially compressed by the large pericardial mass. 

SUMIHARY 

A case with autopsj^ is recorded of congenital stenosis (adult type) 
or coarctation of the arch of the aorta in a white, nnmarried male of 
uiueteen years, with death caused h 5 ^ spontaneous rupture of the 
ascending portion of the great blood vessel and resulting hemoperi- 
eardium. This patient had suffered neither cardiac embarrassment 
nor disability of any kind previous to the sudden fatal attack. Elec- 
trocardiographic stud}’- revealed pericardial irritation and confirmed 
the diagnosis of hemopericardium. The autopsj'' showed (1) a greatly 
lij^pertrophied heart which, together with the blood clot within the 
pericardium weighed 1,265 gm,, the clot alone beuig 495 gm.; (2) 
dilatation of the aortic arch and a constriction of the descending por- 
tion 1 cm. distal to the left subcla^dau artery, at which point the 
lumen Avas nearly occluded by a diaphragm-like obstruction with a 
central opening only 0.5 gm. in diameter; (3) a diagonal tear 2 cm. 
in length in the posterior wall of the ascending aorta, 1 cm. above the 
aortic A^alve through which blood had passed producing a dissecting 
aneurysm Avhich had ruptured into the pericardial sac. The valves 
were normal and there was no eAudence of anj’- iufectiA’’e process. 
Other postmortem findings Avere those secoudaiy to heart failure. 
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MjJller, K. 0.: The Effect of Cocaine and Procaine on the Action of Adrenalin 
on Skin Vessels: Vascular Action of Cocaine and Procaine in the Perfused 
Pahhit’s Ear. Arch. Internal, de pharmacodyn. et do tlidrap. 57: 51, 103/. 

Babbits’ ears were perfused according to the method of Katz, in. which the 
cliange in pre.ssure required to maintain the flow of fluid through the organ con.stant 

i.s used as an index of change in caliber of the small vcs.sels. The author confirms 
the fact that perfusion with cocaine (1/1 million in Tryode) augments the constrictor 
action of adrenalin and finds that procaine doe.s not. Cocaine itself, constricts the 
vessels, but its action in scn.«itizing the vessels to adrenalin cannot be considered 
.synergistic, since if adrenalin is added fir.st, it does not increase the action of cocaine. 
The constrictor action of racemic eorbasil (.^:4-dioxy-nor-cphcdrine) is also enhanced 
by cocaine. Steklk. 

Mpller, K. O.: Contributions to the Pharmacology of Corhasil (3:4-Dioxy-nor- 
ephedrine) With an Analysis of the Effect of Cocaine and Procaine on .the 
Vascular Actions of Adrenalin and Corhasil. Arch. Tnternat. dc pharrnacodyn, 
et de tlidrap. 57: 67, 1037. 

The author points out that corhasil and adrenalin arc optical isomers, and that 
corhasil is also a vasoconstrictor but a con.siderably weaker one than adrenalin. 
The methods u-sed for demonstrating the vasomotor cfTccts were (1 ) in the extremities, 
recording of .systemic arterial pre.«.sure and of pressure in the periplicral stump of 
the femoral artery maintained by collaterals and (2) in the viscera, the recording 
of systemic arterial pressure and volume of the organ studied. The author reaches 
the following conclusions: 

1. Fundamental differences e.xi.st between the action of adrenalin and its isomer 
corhasil. Corhasil usually dilates the renal vessels, adrenalin contracts thorn; corhasil 
increases the volume of the spleen, adrenalin reduces it. In eats under ether or 
urethane ane.sthe.sia, adrenalin produce.^ a fall in arterial pro.ssure, eorbasil a ri.se, 

2. The ratio of action of adrenalin to eorbasil differs in different animals. 

3. Cocaine increase-'' Ihe j»re.=sor action of eorbasil as well as that of adrenalin, and 
this increa.“e is Irelieved by the author to he due partly to the .action of cocaine upon 
the peripheral vc.^.-els and to its inhibiting action ujion the pro.ssure regulating 
refle.xes in the vaso.sensory zone. 

4. Procaine .sen.ritizes the organism to adrenalin and eorbasil to a much lower 
degree than doe.s ewmine, and the sen.ritization is suppo-'-ed to depend exclusively 
upon inhibition of the blood pres.sure regulating reflexe.« originating in the vaso.scn.sorr 
zone. 

Srr.KLr.. 

Eein, Hermann: The Physiologic Basis for the Mode of Action of the Experi- 
mental Substance “Knoll H 75” (l:p-Oxyphenyl 2. Methylamine-propane). 
Klin. Wchnschr. 16: 700. 1037, 

The effect of tlii.- drug ffrade-mark Veritol) w.as studied in dog.s under pemoctonc- 
morphim 'dnestheshi. Arterial pre.-.^nre, pulmonary blow] flow, venou.s prc-s.sure and 
tie local circulation of the vi.^cera or extreinitie.s were recorded optically, and often 
-n'/'iiav, of bloofl Vr'a.i. by ReinV stroinubr. 
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Eespiration, rate of metabolism, and level of blood sugar vere unaffected. Tlie 
important action of the drug vas found to occur when arterial pi-essure was low 
(operative shock, hemorrhage, etc.). Under these circumstances a sustained rise of 
pressure was easilj' obtained by intravenous injection of as little as 0.5 mg. If the 
arterial pressure was normal, in the intact animal onl}' a very slight rise, if any, was 
observed. The inference is that the drug does not interfere with the ordinary reflex 
regulation of arterial pressure. Tlie vagal type of pulse with slowing frequently 
occurred; but, if the vagi were sectioned or if the animal was atropinized, a rise of 
arterial pressure well above normal occurred even if it was at normal levels to begin 
■\vith. The vagal influence was, in this way, shown to be important in preventing the 
rise of pressure following the use of the drug. 

The site of action of tlie drug is believed to be different from that of adrenalin 
for two reasons: (1) the latent time of the reaction is 11 or 12 seconds instead of 
7 or 8 seconds for adrenalin, and (2) in instances where adrenalin causes a fall 
veritol occasions a rise. Eein concludes that the drug may be veiy useful in operative 
or infectious circulatory collapse because of its marked activity and low toxicity. 

Steele. 


Nielsen, H. E.: Influence of Body Position on the Cardiac Minute Output. Acta 
med. Scandinav. 90: 45G, 1936. 

In the normal individual the cardiac minute output is increased 10 per cent and 
the sti'oke volume, 20 per cent, when the patient changes his position from sitting to 
ljung down. In persons with heart disease the differences increase to 20 and 30 per 
cent, respectively. The re.spiratory ventilation with a similar change in position 
decreases 9 per cent. 

Katz. 

Bussemaker, J.: The Influence of Bestorative Drugs Upon the Orthostatic Circula- 
tory Collapse at Diminished Environmental Pressure. Ztschr. f. d. ges. exper. 
Med; 100: 808, 1937. 

Normal men stood up in a pneumatic chamber at a irressure which corre.sponded 
to a height of 6,000 m. In from ten to thirty minutes the arterial pressure began 
to fall slowly at first, then more rapidly. The subjects exhibited faintness, heaviness 
of the limbs, air hunger, and dizziness. Just before complete collapse occurred, the 
drug was given intramuscularly. Di'ugs with central site of action (cardiazol, 
. neospiran, coramine, cormed) restored arterial pressure promptly; those rvith 
peripheral action were less effective (sympathol, ephedrine). The author explains the 
greater usefulness of the centrally acting drugs bj' an increase in reflex excitability 
which, yields an increase in tone throughout the peripheral circulation — arterioles, 
venules and capillaries — while the peripherally acting drugs affect only the arterioles. 

Steele. 

Bohme, W.: The Action of Ventricular Systole in Accelerating Venous Flow. 
Klin. Wchnsehr. 15: 1631, 1936. 

, With the help of the roentgenkyraograph and the indirect roentgencinematograph, 
there was found in man evidence pointing toward sj’stolic acceleration of venous 
flow, as previously sho^vn in animals. In high grade mitral and tricuspid insufficiency, 
the contour of the venous pulse is reversed. These studies emphasize the importance 
of the systolic suction of the ventricle in aiding venous flow. 


Eatz. 
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Eadnai, P., and Mosonjd, L.: The Significance of the Eeflex Excitability of the 
Vagus in Angina Pectoris, Klin. VTchnselir. 16; 228^ 1937. 

Pulse slowing was studied following eyeball pressure, pressure on the carotid 
sinus, and in the Valsalva experiment. It was found that these tests indicated in- 
creased vagus reflex excitability in patients with angina pectoris. Plms those 
patients with hypertension and anemia who also had angina pectoris had a higher 
vagus excitability than those without angina. Katz. 


Scherf, D., and Schonbrunner, E.: The Pulmonocoronary Eeflex in Lung Emboli. 

Klin. Wchnschr. 16: 340, 1937. 

This is a report of two eases with small pulmonary emboli in which marked 
electrocardiographic changes occurred rvithout evidence of heart damage. This 
was considered to be due to a reflex coronar3' vasoconstriction from the lungs. 

Electrocardiograjns were taken on ten anesthetized dogs during production of small 
experimental pulmonarj' emboli. In 3 of these a tj'p'oal Q,‘T, tj'po of electrocardio- 
graphic change was found which is a.scribed to reflex coronarj' vasocon.striction. 

Katz. 

Eonchese, E.: Infra-Eed Photography in the Diagnosis of Vascular Tumors. Am. 

J. Surg. 37: 475, 1937, 

Infra-red ray photographj' is a valuable method of investigation in the diagnosis 
of vascular cutaneous tumors in the living, tvlicn the presence of blood is doubtful, 

AuTHon, 

Caeiro, Agustin, and Orias, Oscar; The Phonocardiogram Eegistered in Special 

Areas of Auscultation. Ecv. argent, de cardiol. 4: 71, 1937. 

B3' opticallj' recording the lieart sound.s (Wiggers and Dean) from the apex, 
inesocardiae and basal (pulmonic) areas simultaneouslj' with the jugular pulse and 
the electrocardiogram in twenty' healthj' 3'oung medical studenl.s, tlic following 
conclusions were drawn: 

An auricular .sound was recorded in 85 per cent of the cases, with about 29 
vibrations per second, lasting for about 0.10 sec., appearing in tbc records with an 
amplitude of G mm., and following about 0.015 sec. after the beginning of wave “a” 
of the venous pul.“e and from 0.034 to 0.040 .see. after tlie top of P-wave of the 
electrocardiogram. The average figures for the auricular sound were very .similar 
on the different areas. 

The first liearl sound had a rather complicated appearance, but upon careful 
aiiul3-.-:is and correlation with the mechanical events a sj'stematization was reached. 
Its picture ^vas essentially' the same over all the investigated areas. Very' constantly 
it was possiWe to individualize four groups of vibrations forming the first sound: 
the first of all, formed by' only' one thick vibration and following immediately' 
after the auricular ribratiori when these were present, began about 0,008 sec, before 
the top of It, lasted about 0,035 .«cc., and .showed a vibration frequency' of 28, 30, 
and 24 per second over llic :ipex, mesocardiac area, or base, re.spectively. The 
second component, formed by one and a half vibrations, began after the top of Jl 
and ended :ilways before the initiation of “c,” lasted for about 0-0.30 to 0.045 sec., 
•■ind .‘•howed a vibration frequency' of about 39 per sec. The third component, formed 
hy two vibrations, started always rather sharjfly', keeping very uniform relations 
vrifii the beginning of the "c” wave of the venous pulse, thus allowing the as.sump- 
tion that they both are due to the same cause (i.c., the opening of the sigmoid 
valves and initiation of the ejection phase) ; it lasts for about 0.050 sec. and shows 
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a frequency of about 39 per sec. The fourth component is formed by an average 
of two vibrations not so distinctly separated from those of the preceding group; 
it starts a short interval before the top of the ''c” wave, lasts for about 0.060 sec., 
and shows a frequency of about 32 ^^brations per second. The second and third com- 
ponents have the largest amplitude. 

A l l this apparent complexity may be easily and satisfactorilj’^ explained if we 
assume that in the origin of the first sound two acoustic processes take place in 
each ventricle: one caused by the sudden contraction of the ventricles and the 
other by the opening of the sigmoid valves. The term ''isometric component” is 
suggested for the first and the term "ejective component,” for the second. Each one 
of them is modified by accessory iitfluenees. Tlie isometric component is affected in 
its earliest portion by tardy auricular vibrations and by the ventricular impact on 
the chest wall. The ejective component is modified in its latter portion due to the 
acceleration of blood during the maximal ejection phase. The combined influence 
of all this accounts for the registration of the four components just analyzed. If 
sometimes the first sound sliows a more homogeneous character, this is due to a more 
immediate sequence between two or more groups. 

The second sound, although veiy much simpler than the first one, showed also a 
rather complex picture. This, howevei*, we have been unable to analyze because, 
in the absence of the central arterial pulse record, we had not enough reference points 
to correlate the groups of vibration with the mechanical events. It lasted for 
0.094, 0.116, and 0.120 sec. over the apex, mesocardiac area, and base, respectively, and 
showed a frequency of 36 vibrations per second all over the precordial region. It was 
recorded with maximal amplitude on the mesocardiac area and preceded by a uniform 
interval of 0.110 sec. the top of the "v” Avave on all the explored areas. 

The so-called third heart sound Avas recorded in 65 per cent of the cases, the 
average figures for its properties being very uniform over all the explored areas. 
They were for the apex, mesocardiac area, and base, respectively: duration, 0.117, 
0.136 and 0.092 sec.; number of vibrations, 3, 7, 4.7, and 3; frequency, 32, 34, and 
33 vibrations per second. It AA'as always recorded after the top of "v” wave and 
a short interval before the end of its descending limb, consequently, during the final 
moments of the rapid A’entricular inflow. 

Author. 

de Chatel, A., and Hussey, R.: Experimental Investigation of the Electrocardio- 
gram With Esophageal Leads. Ztschr. f. klin. Med. 131: 450, 1937. 

P-waves in dogs Avith the chest opened are bigger in esophageal leads than in 
any other indirect lead. Partial block between the auricles produced by tying 
the interauricular band alters the form of the P-wave in esophageal leads and 
leads from the left chest wmll much more than those from the right chest wall. The 
authors believe that esophageal leads are valuable clinically in diagnosing rhythm 
and conduction disturbances of the auricles. 

Katz. 

Holzmann, M.: Clinical Observations With Electrocardiographic Chest Leads. 

Arch. f. Kreislaufforsch. 1: 2, 1937. 

This extensiA-e article covering 170 pages contains a detailed description of the 
experiences of the author with chest leads. He is cognizant of the American 
literature and confirms in general the views noAA-- held in this country. He con- 
cludes that there is a definite place for this lead in that it giA-es evidence of ab- 
normalities when none are present in the limb leads and adds further information 
AA'hen the limb leads are abnormal. 


EAtz. 
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Komer, P.: The Cross Striations of Heart Muscle. Arch. f. KreLslaufTorsch. 1: 

1037. 

This is a rcvieu' of the meaning of the intimate anatomy of the heart muscle. 
This includes observations of tlie author which .show that histologically the cross 
.striations depict the state of contraction or relaxation of the muscle fiber. In a single 
field the cross striations are clearly narrower and stain red in acid alizarin bluc- 
Mallorv, whereas in the relaxed fibers they are thicher and more diflerentiated and 
stain blue in the dye. Closer e.xamiuation .shows that this cro.ss striation is in realitj' 
portions of fibrils which run the length of the fibers and from one segment to the 

uext. ICatz. 

Master, Arthur M., Jaffe, Harry Ii., and Hack, Simon: The Heart in Acute 

nephritis. Arch. Int. ifed. 60: 1016, 1937. 

Acute glomerulonephritis i.s sometimes a.ssoeiated with elinic.al symptoms of 
failure of the left ventricle, such as dy.spnca, cyanosis, and pulmonarj’ edema. 
These appear carh' in the course of the disease; in fact, they may be the presenting 
svmptoms and may occur before there is evidence of renal injury. The involvement 
of the heart is the re.sult of vascular and not renal damage. 

The diffuse vascular change also jiroduces hypertension, which is almost always 
present in the first week or two of the di.sca.se. 

Clianges occur in the electrocardiogram which indicate inj'ocardial damage, that 
is, definite abnormalitie.s of the T-wavc in Leads I, II, and IV, absence of the initial 
po.sitive deflection in the prccordial lead, and prolongation of the auriculoventricular 
conduction time. 

Acute glomerulonephritis is a sy.steinie vascular disease in which the heart may be 
soriomsly damaged. AuniOR. 

Berliner, Kurt, and Master, Arthur M.: Mitral Stenosis: A Correlation of Elec- 
trocardiographic and Pathologic Observations. Arch. Int. Med. 61: .39, 1938, 

Eoports of 11.3 fatal eases of rheumatic di.sease of the mitral valve with autop.s'y 
records were collected, and the electrocardiograms were analj'zed. Associated lesions 
of other valves were found to be the most important single factor affecting the 
electrocardiograms. 

Notching of the P-wave was found to be the principal electrocardiographic sign 
of mitral steno.'-is. Marked increa.ee in height and width of the P-wave, however, was 
always associated with h}7)ertrophy of both auricles and was therefore found to be 
common only in cases of mitral stenosis a.esociatcd with disease of the tricu.spid valve, 
and in these cases the notching w.as generally more marked. 

Kight ventricular pueponderance was noted in le.ss than half the cases of uncom- 
plicated di.sease of the rnitr.'il valve and therefore cannot be regarded as a character- 
i.^tic sign of mitral stenosis. Eight ventricular pmeponderance, however, was generally 
found in the “button-hole” type of mitral .stenosis, but still more frequently right 
ventricular preponderance was due to an a.ssociated le.sion of the tricu.spid valve. 

I>cft ventricular preponderance was never found in any case of mitral stenosis 
unit's.- disca.“e of the aortic valve also was pre.sent. \Vlien mitral steno.sis was a.sso- 
fiated with aortic insufficiency, electrocardiograpdiic signs of ventricular preponder- 
■ince depended solely on the extent of the leak in the aortic valve; in all ca.ses of 
marked aortic in.'-ufficiency with high fmlse pre.“.sure left ventricular pjreponderance 
vtas present, whether the a.ssociated mitral .steno.si.s wa.s .slight or marked. 

The voltage of the chief ventricular deflection (QES) in ca.ses of mitral steno.sis 
wa.s never above normal unle.'‘s aortic in.eufllciency coexisted. In cases of mitral 
stenosis with atrophy of the left ventricle, the voltage of QE.S was normal. 
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Tlie electrocardiogTanis of persons with pure mitral insnfficiencj* without stenosis 
were distinguished from those of persons udth mitral stenosis by a normal or nearly 
normal P-wave. Auricular fibrillation or auricular flutter never occurred in pure 
mitral insufficiency, and ventricular preponderance was never to the right. 

Complete change from right ventricular preponderance to left ventricular pre- 
ponderance and vice versa occurred only in cases of mitral stenosis associated with 
lesions of both the tricuspid and the aortic valve. 

A correlation of the post-mortem observations and the electrocardiograms revealed 
that the electrocardiographic signs of ventricular preponderance, when present, in- 
dicated the anatomic I'clationship of the venti'icles correctly in S9 per cent of the 


cases. 


Author. 


Bredt, H.: Can Congenital Heart Disease Cause Morphological Changes in the 
Pulmonary Circuit? Ivlin. Wchnschr. 15: 1358, 1936. 

Congenital heart disease by leading to hypertension in the pulmonary circuit can 
cause a secondary pulmonary sclerosis rvliich does not involve the smallest branches. 

EIiVTZ. 


Kreuzfuchs, S.: The Course of the Aorta and Its Measurements in Childhood. 

Portschr. a. d. Geb. d. Eontgenstrahlen. 54: 396, 1936. 

The aortic arch in cliildhood differs from that of the adult. In adults the arch 
has .a horizontal angulated course with a pretrachial-frontal and a paratracheal- 
sagittal division. Tliis angular deviation is due to the action of the trachea. "Wlien 
tile trachea is deviated to the right, the aorta loses its angle and assume.® a diagonal 
course and is arched as usually depicted anatomically. In childhood the trachea 
is to the right, and only during puberty does it slowly de\iate toward the mid-line. 
In cliildhood, therefore, the aorta is arched and diagonal in position. 

The adult aortic type gives a charactenstic x-ray double limb .shadow with 
intensification of the aortic knob. The infantile aortic tiTie gives a single limb 
shadow, eliptical in shape. In childhood the aorta must be measured in Fechter’s 
position. 

In this way the author found values of the aorta as follows: 

10 mm. at 5 years 
12 mm. at 10 years 
14 mm. at 12 years 
16 mm. at 14 years 
20 mm. at 20 years 

Occasionally the infantile aorta persists into adult life. 

ELvtz. 


Ash, Eachel: Influence of Tonsillectomy on Rheumatic Infection. Am. J. Dis. 

Child. 55: 63, 1938. 

An analysis is made of the effect of tonsillectomy on the course of rheumatic in- 
fection in 522 cliildren treated at the Children's Hospital between 1922 and 1936. 

Tonsillectomy, did not prevent recurrences of rheumatic manifestations. 

Heither the presence or the absence of tonsils at the time of the initial infection 
nor the removal of tonsils subsequent to the onset had any demonstrable influence 
on the incidence of cardiac involvement or the death rate, due consideration being 
paid to the associated variable statistical factors. 

A liigh incidence of rheumatic exacerbations followed immediately on tonsillectomy 
performed early in the course of the disease. 
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Tonsillectomy for the rlicumatic cliild seems to he indicated only when there is 
definite evidence of disease in the tonsils and not as a routine procedure. The opera- 
tion should bo performed only during an inactive phase of the infection. Associated 
with the absence of other sjTnptoms, the combination of a normal temperature 
curve and a normal sedimentation rate of the erythrocytes may be taken as indica- 
tions of an inactive phase. Authoe. 

Cochems, K. D., and Kemp, J. E.: Occupation and Syphilitic Aortitis. Am. J. 

S^Tih. Gonor, & Ven. Dis. 21: 408, 1937. 

.Seven hundred forty-nine male individuals, predominantly white, in all stages of 
syphilitic infection, and about whom all the necessary data were available, were 
analyzed according to the physical strain consequent to their occupation and the 
incidence of sj'philitic aortitis. This an.alysis showed: 

The incidence of syphilitic aortitis was greater among individuals of intermediate 
and hea%y occupational pursuits (14.4 per cent) than it was among individuals 
following sedentary occupations (8.7 per cent). 

The incidence of uncomplicated syphilitic aortitis was greater among individuals 
following the lighter occupations (5 per cent) Hum it was among those whose work 
was more strenuous (3.7 per cent). 

Aneurysm occurred four times as frequently' among individuals following occupa- 
tions demanding a certain amount of physical exertion (6 per cent) than among 
those whose occupations were sedentary (1.4 per cent). 

The incidence of aortic insufficiency was higher among indh’iduals doing heavy 
labor (2.1 per cent) than among those whose occupations were light (0.7 per cent). 

The incidence of aneurysm and aortic insufficiency occurring together was not 
influenced by the physical stress consequent to occupation. 

iIONTGO.'rERy. 

Emstene, A Carlton: The Cardiovascular Complications of Hyperthyroidism. Am. 

J. 31. .Sc. 195: 248, 1938. 

A .study has been made of the eardio\’ascular complications in 1,000 consecutive 
cases of hyperthyroidism. 

Clinical or electrocardiographic c\idence of organic heart di.scase was pre.«ent in 
173 patients; 32 others had enlargement of the heart by roentgenologic examination 
but no other .signs of organic heart disca.se. 

Auricular fibrillation occurred in 207 patients. In .90 of the.se, the arrhythmia was 
pre-sent before operation either in its continuou.s form or in paroxysms of variable 
duration, while in 111 it developed for the first time as a postoperative complication. 

The factors which influenced the incidence of auricular fibrillation mo.st im- 
portantly were the presence of organic heart disease, the age of the patient, the 
duration of the hyperthyroidism, and the type of goiter. The degree of elevation of 
the basal metabolic rate had no effect. 

Normal sinus rhythm was reestabli.shcd spontaneou.sly in one-third of the patients 
with the continuous form of auricular fibrillation. Quinidine sulphate was ad- 
ministered to one-half of the remaining patients in this group, and in GO per cent of 
these reversion to sinus rhythm occurred. 

Congestive heart failure was present in 44 patients. The two most important 
factors re.spon.sible for this complication were organic heart disease and uncon- 
trolled aurictilar fibrillation. 

The postoperative mortality was considerably greater in patients who had auricular 
fibrillation either liefore or after operation than it was in individuals with normal 
cardi.ac rhythm. 

AutHOE, 
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Veal, J. Ross: The Management of Arteriosclerotic Disease of the Lower Ex- 
tremities. South. M. J. 31: 54, 1938. 

, The outstanding considerations of such management are : 

1. The disease progresses by definite stages. 

2. Early recogmtion and prompt treatment will relieve many patients and restore 
them to a useful and at least a partially active life. 

3. .Gangrene can frequently be prevented by cooperation between physician and 
patient and the consistent use of simple prophylactic measures. 

4. "When once gangrene has developed, and its development is inevitable in some 

cases, reduction of the surgical mortality can be achieved in three ways: (a) 
By careful preoperati\’e preparation, based on the conception of arteriosclerotic 
gangrene as a systemic condition first and a local condition second, (b) By all 
the precautions usually taken to avoid trauma, shock, and hemorrhage at opera- 
tion plus, in our experience, the use of the circular amputation in practically 
aU cases, (c) By proper postoperative therapy. MoNTGOiiERY. 

Goldblatt, Harry: Studies on Experimental Hypertension. V. The Pathogenesis 

of Experimental Hypertension Due to Renal Ischemia. Ann. Int. Med. 11: 

69, 1937. 

Persistent hj-pertension has been produced in dogs and monlceys by constricting 
the main renal artery with a special silver clamp. In some of the dogs the hj'per- 
tension has persisted for more than five years. The tjq)e of lij^ertension produced 
depends upon the degree of constriction of the renal arteries. Constriction of 
splenic and femoral vessels and of tlie superior mesenteric artery has produced no 
effect on the blood pressure. A number of experiments have been performed in an 
attempt, to explain the mechanism of the production of the hypertension. In six 
dogs, one or both clamps were released or removed some time after hj'pertension had 
developed, with prompt restoration of the blood pressure to the original levels. 
In three dogs removal of the ischemic kidney also was followed by prompt return 
of the blood pressure to the original levels. Bilateral nephrectomy did not produce 
hypertension. Bilateral adrenalectomy with or without supportive or substitution 
therapy prevented the development of the hypertension or interfered with the 
maintenance of the hypertension which followed the renal ischemia. The results of 
these and other ex-periments indicate that this type of experimental hypertension 
is due mainly to a humoral mechanism and that the adrenal cortical hormone plays 
an important part in the production or maintenance of the hypertension. 

Hines. 

Pilcher, Robin: Pulmonary Embolism. A Statistical Study of Its Incidence in 

Twelve London Hospitals in the Decade 1925-34. Brit. J. Surg. 25: 42, 1937. 

There were 731 cases of fatal pulmonary embolism proved by post-mortem 
examination. This is 0.105 per cent of all surgical deaths; 0.064 per cent of all 
medical deaths. The true incidence of pulmonary embolism must, of course, be higher 
than tliis. In 473 of the 731 cases a search was made for the site of primary 
thrombosis, and in 362 evidence in peripheral vessels was found. 

Montgomery. 

Medical Progress. Clin. J. 66: 345, 1937. 

Embolism After the Injection of Varicose Veins. 

Westerborn in Sweden analyzed the cases of some 20,000 patients who were given 
injections for varicose veins. There were 11 deaths from pulmonary embolism. In 
6 other cases si^s of severe embolism were follow'ed by recovery. IMore radical 
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surgical x>roce(Iures on varicose veins have a much higher mortality. Westerhorn 
found that 6,9M operations on %-aricose vein.s tvcre followed hy 18 dcath.s from 
embolism. In America MePlieefers found that 6,071 operations on varicose veins 
were followed by ZO deaths from embolism— a mortality from embolism of 0.54 
per cent. 

AIoKTGOJtEny. 

Homans, John: Venous Thrombosis in the Lower Limbs: Its Relation to Pul- 
monary Embolism. Am. .T. Surg. 38; 316, 1937. 

Tlie influences, anatomic and related to life in bed, consequent upon many 
diseases, injuries, and operations, which lead to thrombo.sis in the lower half of 
the body, are fairly well recognized today. Afany of them are unavoidable, but 
most of them can be relieved of some of their bad effects by prophylactic treat- 
ment. 

Thrombosis once established should no longer be treated by the familiar ice bag 
and immobilization but bj' real elevation followed early by gradually increasing 
exercise. Embolism is more likely to be prevented hy forestalling the formation of 
the dangerous propagating thrombus than by ajjprehcnsive immobilization. A farther 
study of deep peripheral thrombophlebitis .should be made by both the physicians 
and pathologists. By such means the apparent tendency today to increase in 
the incidence of thrombophlebitis may be reversed. 

Aethor. 

Barnes, A. R.: Pulmonary Embolism. .T. A. Ai. A. 109: 1347, 19,37. 

Death from pulinonaiy embolism is a much greater menace in both medical and 
.surgical cases than is generally realized. Although its eause is not known, some 
of the factors tliat predispose to its occurremm are known. Mild prernonitorj' attacks 
frequently precede the fatal .seizure, and it is important that they be recognized. The 
picture of shock, noted as much as or more commonly than marked dyspnea and 
cyanosis, may coiLStitute the clinical .sx-mptoms of pulmonary embolism. The electro- 
wirdiogram may furnish invaluable aid in the diagnosis of this condition and 
especially' in its differential diagnosis from acute coronary thrombosis, AVhatever 
the cause of i>ulmonury embolism, the ino.st promising avenue of attack is the 
attempt to improve the rate of circulation and particularly the x-elocity' of venous 
return from the lower extremities, A comprehensix'e program looking to that end 
should be applied, if not to all patients, then to those patients whose condition presenf.s 
circumstances xvhich are known to predispose to the occurrence of pulmon.'iiy ern- 
bolisrn. Certain results to date encourage one to believe that if .such a program 
were carried out with uncompromising zeal a very high percentage of deaths from 
pulmonary embolism could be eliminated, at least following surgical procedures, 
during the puorperiurn, and following sprains and fractures. In no aspect of surgery 
is there such a promising Held for lov.’eriiig surgical mortality'. The medical pro- 
fession is challenged to use at least .such measures as are ax-ailtible in the effort 
to combat the tragic situation presented by' pulmonary' embolism. 

AVTjron. 


Johnston, C. H.: Combined Ligation and Injection Treatment of the Varico.sed 
Great Saphenous Vein, J. A. AI. A. 109: 3359, 1937. 

Recurrence in cases i)rescnting incompetent saidienofemoral valves when treated 
by injection alone or by ligation alone is far too common. Ligation at the .sapheno- 
femoral junction, dissecting out, and section of ali five branches at that level, and 
injection of the distal end of the saphenous vein, is the treatment of choice, , All 
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cases in 'ivhieli the saphenofemoral valves are incompetent are indicated for the 

ligation-injection treatment. Until some newer idea or operations supidants the 

ligation-injection form of treatment, it must be admitted that it gives the greatest 

promise of permanent success with the least amount of danger, pain, or mutilation 

in the more extensive varicose veins. , 

Author. 


, Bird, Clarence E.: The Use of Arteriography of Substitutes for Colloidal Thorium 
Dioxide. J. A. M. A. 109: 1626, 1937. 


Because of the possibility that the injection of radioactive thorium dioxide 
solution may cause late toxic sjmiptoms, other materials for arteriogi-aphy are 
preferable. Diodrast, neoskiodan, uroselectan and similar preparations made for 
excretory urography are nontoxie in the doses used and are quicldy excreted. They 
do not damage the intima of the vessels and do not cause pain on intravascular 
injection (as does sodium iodide). The densirt' of the sliadow cast by diodrast and 
similar iodine-containing solutions when used for arteriography is not quite so strik- 
ing as that bj' thorium dioxide, but is entirelj* satisfactory. 

Accompanying photograj)hs of x-rays of arteriovenous aneurj’sms show the 


aneurysms clearly and outline many small arteries. 


Moxtgosierv. 


Koller, S.: The Mortality of Circulatory and Respiratory Diseases, Arch, f. 
Kreislaufforsch, 1: 225, 1937, 

The author presents a statistical assay of 1,600,000 deaths of circulatory origin 
occurring in England and Wales from 1921 to 1933. He is able to show a seasonal 
variation in death rate with the peak in ninter and the low point in summer. 

Katz. 


Holzlohner, E.: The Respiratory Pulse in Man and the Blood Plow in the Veins 

Near the Heart. Arch. f. Kreislaufforsch. 1: 305, 1937. 

This is a comprehensive review of the subject with a detailed presentation of 
data to demonstrate that the heart itself cau.ses a .systolic acceleration of blood flow 
in the veins near tlie heart. The result is that there is aii early filling of the 
auricle and the ventricle independent of diastolic duration. Changes in systolic 
power of the heart by altering s 3 ''stolic acceleration of blood flow will in this 
way alter the filling of the heart. An automatic regulation of filling dependent on the 
power of ventricular systole is thus provided. This systolic venous acceleration is 
in reality a form of useful work of the heart. Pneumothorax abolishes this systolic 
venous acceleration. It is probably modified also in incompetence of the A-V valves. 
These considerations suggest a clinical utility in i-ecording the resj^iratory pulse. 
The author describes a string anemometer which he has used for this purpose. This 
consists of a small wire suspension in an air passage placed in the optical axis of 
an illuminated microscope sj'stem much as is used in the string galvanometer. The 
air passage is connected to the nasal passage by tubing as in the hot ware ar- 
rangement. This meter can be calibrated. Kvtz 

Ludwig, H.: The Heart Ksonogram. Portschr. f. Eontgenstrahlen. 5i: 469, 1936. 

The author points out that in the roentgenokymogram not only local pulsations 
were obtained but also rotations and displacements of the whole heart. For this 
reason care must be taken not to read too much into the curves obtained. 


Katz. 
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Ludwig, H.; Auricular Flutter iu the Kymogram. Edntgenpraxis 8: 731, 193G. 

In tliis case it was found that flutter waves of tlie right auricle and left auricle 
could be distinguished in the Toentgenolv 3 'mograni. These corresponded in frequency 
with those seen in the electrocardiogram. 

ILitZ. 

Tnunble, Hugh G.: Strategic Points in the Lumbar and Sacral Outflows of the 

Autonomic System: Sympathetic Denervation of the Lower Limbs. M. J. 

Australia 2: 958, 1937. 

The technique is a muscle-splitting abdominal operation without opening of the 
peritoneum. 

The whole operation is performed in twenty minutes or less. The patient may be 
allowed to sit up out of bed on the fourth or fifth day postoperativelj". The author 
has alwa.vs obser%’ed a persistent increase of the temperature of the skin of the leg. 

MONTGOitEIiy. 

Barker, M. H.: The Use of Cyanates'in the Treatment of Hypertension. "Wiscon- 
sin M. J. 36: 28, 1937. 

The cyanatos have been administered over a period of seven j-ears to patient.s who 
have been under controlled observation for several weeks or months. SjTnptomatie 
variations, blood pressure effects and certain blood chemical observations have been 
correlated with the concentration of the cj'anates in the blood. Taking the group 
as a whole, slightly more than 50 per cent have shown significant decreases in both 
.s^'stolic and diastolic blood pressure, and these drops of pressure were associated with 
the elevation of the cj-anates in the blood to C-12 milligrams per 100 c.c. Doses of 
0.3 gram of potassium sulfoeyanate two to fourteen times per week indicate the 
individual requirement for constant therapeutic blood concentration. 

The best sjTnptomatic and pressure-lowering results were obtained in the meno- 
pausal and essential types. The malignant forms were rarely benefited. Occa- 
sional hj-pertensive patients with arteriosclerosis showed good improvement, but 
many suffered onlj’ toxic manifestations. A few cases of chronic nephritis showed 
satisfactorj’ drops in blood pressure, and an occasional diuresis was noted. Toxic 
manifestations of fatigue, weakness, mental confusion, disorientation, and nausea were 
encountered. As a rule, onlj' fatigue was noted and chiefly in arteriosclerotic in- 
dividuals. No dangerous .sj-niptoms or findings were met unless the blood cyanates rose 
over 20 milligrams. 


Authok. 
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Orthodiascopy — Analysis op Otok Seventeen Hundred Orthodiascopic 
Examinations. By Chester M. Kurtz, M.D., P.A.O.P., Assistant Professor of 
Medicine, University of Wisconsin; Cardiologist to the State of Wisconsin 
General Hospital. Kew York, 1937, The Macmillan Company. Price !?3..50. 

This monograiih emphasizes the value of a quantitative determination of the 
size of the abnormal heart in diastole by means of the orthodiagram. The author 
presents a detailed and analytical consideration of 1,723 cases on whom mensura- 
tion of the frontal plane of the heart by this method is compared with the formula 
for predicting the normal frontal area (Method of Hodges and Eyster) on the 
basis of age, height, and weight of the individual concerned. To this there is 
added the greatest transverse diameter of the cardiac silhouette which is compared 
with normal figures based on similar prediction tables. From these observations 
the author has concluded that in patients with evidence of cardiac enlargement 
to physical examination the deviation of the frontal area is almost invariably 
above the level of 10 per cent, a figure which, expressed in percentage deviation, 
is abnormal. The cardiothoracic ratio, used so extensivelj' at present as a sign 
of enlargement of the heart, was found “worthless.” 

As the author well states, this method is only an additional aid in indicating 
the probability of the diagnosis in question being correct or incorrect. It is a 
pleasure to see him revert back to clinical impressions whenever he is in doubt, 
despite the detailed measurements obtained, especially so in patients with so-called 
“uncomplicated” mitral stenosis and in mitral insufiSciency. 

The book is well written and printed in large type. It is a worthy addition 
to our literature on diseases of the heart and merits the attention of all those 
uiio iire not as yet acquainted with these methods of mensuration. 

A Monograph on Veins. By Kenneth J. Franlvlin, D.M., M.K.C.P. Tutor and 
Lecturer in Physiology, Oriel College. University Demonstrator of Pharmacology. 
Assistant Director of the Nuffield Institute for Medical Eesearch, O.xford. Spring- 
field, HI., Baltimore, Md., 1937, price $6.00, Charles C. Thomas. 

The timeliness of this volume of some 400 pages will not be questioned by any- 
one at all familiar with the recent astonishing growth of interest in the study of the 
peripheral circulation. 

Although comparatively little space is given to a consideration of the clinical 
aspects of disorders of the veins the book is a mine of information concerning the 
embryological, anatomical, phj'siological, and pharmacological facts and theories 
upon which the clinical study of the subject should be based. 

The mere listing of the headings of the more important chapters will perhaps 
serve to give an idea of the character and scope of the monograph — ‘ ‘ The Embryology 
of Veins”; “The .tyiatomy of the Venous System, Functionally Considered”; 
“The Valves in Veins”; “The Amount of Circulating Blood: Blood Depots”; 
“Comparative Anatomy”; “The Venules”; “Ab.sorption by Veins and Diffusion 
From Veins”'; “Veins and the Nervous System” (three chapters); “The Heart 
and the Venous Eeturn”; “The Effects of Hydrostatic Pressure”; “The Effects 
of the Contraction of Voluntary Muscle Upon Venous Eeturn”; “Eespiration and 
the Venous Eeturn in Mammals; the ‘Vis a Fronte’ ”; “Venous Pressure”; 
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"The Movements of the Blood in Veins”; “Clinical.'- One of the last chaptere i.s 
devoted to a discussion of the various photographic techniques applicable to rc- 
.soarch on the venous .system. 

The book is freely illustrated and has a very extensive bibliography. In the 
opinion of the reviewer it constitutes a major contribution to the study of the 
circulation, both central and periidieral. 

Patiiologib dks Ki:EiSLAt:r.s. Ein Lehrbuch der Herz und Gefasskrankheifen von 

Prof. Ur. Theodor Brugsch, Berlin. Professor der Medizin und Uircktor a. U. der 

Med. Universitiitsklinik Halle-IVitIcnberg. 112 illustrations, 2nd edition, Leipzig, 

in.‘!7, price, RM 30, S. Hirzcl. 

The scope of this book of 747 pages is wider than the general reader is likely 
to associate with its title, the “Pathology of the Circulation.” It de<'ils with the 
di.sorders of the heart, the peripheral blood -vessels, and the general circulation, and 
few items concerning these have escaped at least a brief consideration, ranging from 
rare congenital anomalies of the heart to varico.se veins of the extremities. More 
than five-sixths of the text is devoted to matters pertaining to the heart directly, 
the remainder to the peripheral vessels. The first, or the analytical, portion of the 
book contains .sections on the noi-mal anatomy and phy.siology of the various com- 
jiononts of the cardiovascular .sy.stem, on cardiovascular symptoms and signs, on 
the mechanism of the heart sound.s, murmur.s, pulse, arterial and venous pressure.®, and 
on special techniques employed in diagnosis. The space allotted to arterial and 
venous spliygmograms which are now rarely used in clinical diagno.sis might have 
been more profitably used to amplify the sections on fluoroscopy and electrocardiog- 
raphy, especially the latter, the treatment of which does not seem adequate (9 pages 
with very few illustrative records). The first ICO pages of material are presented 
as the groundwork for the comprclicn.sion of the numerous clinical varieties of 
ciirdiova.«t'ular disorders to which the remainder of the book is devoted, namely, vari- 
011 .® forms of va.®eular collap.se, cardiac insutneiency, the arrhythmias, valvular disease, 
coronary disea.®e, and such other sections as are found in standard textbooks on heart 
and va.scular diseases. TIic .section on “Constitution and Circulation” is well worth 
reading. 

Tlie manner of treatment of some of the material reveals conflicting influences. 
On the one hand, the author stre.^.^es the need of evaluating the status of a cardiac 
patient, not only by a structural, a physiological, or a functional derangement, but 
by all of them considered together in the light of the constitutional type to which 
the individual belong.®. Some of the sections, however, disclose a strong influence 
by an oppo.sife point of view when extensive discussion is given not only of the 
diagnosis but of the prognosis and treatment of valvular lesions. Consideration of 
cardiac di.®ea.se.s in this fashion serves to ob.scure the fact that the valve damage is 
only an element in a disease and not the disease itself. The study of the natural 
history of heart diseases in recent year.®, especially that of rheumatic fever, in which 
the object of attention is not so much the evolution of iin endocardial or myocardial 
injury, but the life and activity of the subject, has thrown considerable light on 
progno.“i.s and treatment. One misses .such di.scussions of natural history in this 
book. Except for an occasional reference, there is no bibliography. 

The qualify of tlie material is uneven. The sections on treatment are perhap.s, 
on the whole, the weakest. Tlie .38 piages devoted to digitalis presents an unu.sual 
number of generally abandoned theories, statements without adequate support, and 
specific therapeutic recommendation,® without sound basis in theory or practice. A 
few of thc.=e may be mentioned hr way of illustration. Chronic cardiac insutfieiency, 
the .author maintain.®, is abolished by 1% gr. of digitalis daily for ten day.s. In his 
method of using large do.“o.s- for the treatment of severe heart failure he recommends 
G gr. daily for two d.ays, dJA gi-. for two d.ay.®, and 3 gr. for three day.s, and 
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warns against siieli large (?) doses if the patient lias received digitalis during 
the previous week. In the use of this method, he maintains, the infusion of 
digitalis is the most suitable preparation in the first two to three days. He states 
that if, during the course of left heart failure, the I'ight heart also fails, causing 
general venous stasis, intravenous strojihanthin is preferable to digitalis. He states 
that digitalis dilates the renal vessels and perhaps also stimulates the renal 
parenchyma, and that the proprietarj* preparation, digipiirat, has a greater action on 
the kidney. He strongly recommends intravenous strophanthin therapy and states 
that in decompensation due to valvular diseases the dose depends upon the valve 
involved: 0.5 mg. strophanthin in mitral insufficiency, 0.4 mg. in aortic insuf- 
ticiency, 0.2 to 0..3 mg. in mitral stenosis. He states that a brief course of digitalis 
will restore compensation which has failed as the result of vahmlar disease, Avhereas 
in ' 'pure ” cardiac , insufficiency the continued use of digitalis is necessary. To 
counteract . the excessive slowing by digitalis he recommends atropine and thyroid, 
and to counteract coronary constriction he recommends a mixture of caffeine, 
theobromine, and papaverine. Such thoughts, presented, as they are, without evidence, 
will for the most part seem strange and unattractive to the critical student of 
cardiovascular disease. 

The style of the book is fairly direct and usually interesting. Slany of the dis- 
cussions are thought-provoking. The author’s inclination to rather liberal speculation, 
however, makes this book safer in the hands of the critical and experienced 
cardiologist than in those of the average student or practitioner for whom the author 
states the book is intended. 

jMacleod’s Physiology ix Modern Medicine, ed. S, edited by Pliilip Bard. St. 

Louis, 1938, The C. V. Mosby Company. 

The section on the circulation, covering 226 pages, was written by H. C. Bazett. 
The amount of material presented is extremelj* large, and the descriptions are very 
detailed. This textbook of physiologj- contains information concerning the circula- 
tion wliicli is larger in amount, more detailed, and more up-to-date than that wliicli 
is to be found in any other book with which this reviewer is acquainted. A large 
bibliographj' is provided. The sections on cardiac output, on blood velocity, on 
pulse wave velocity, and on the reactions of cutaneous vessels are very well done, 
and the value of the newer data is assessed from a point of view possible only to an 
active investigator. A section on liemoiThage, oligemia, plethora, shock, and cardiac 
abnormalities is written from a ffiewpoint which shows that the author has not lost 
his interest in clinical medicine. 

The presentation differs from that in most textbooks in that it places more em- 
phasis on the physical point of view. This will make certain sections hard reading 
for those who are unfamiliar with physical and mathematical conceptions, as most 
practicing physicians are. The diction might be clearer. Its great value will be as 
a book of reference for clinicians who have no time to read the ever increasing bulk 
of original physiologic literature. 

ISA^vc Stake. 

Lehrbuch dee ELEKTROKiARDiOGKAPniE. von Dr. D. Scherf. Privatdozent fiir Innere 

Medizin an der Universitat Wien. 169 text illustrations, Vienna, 1937, price KM 

16.50, Julius Springer. 

Dr. Scherf has written a very serviceable book in "Lelu’bueh Der Elektrokardio- 
graphie.” The plan of the book follows the conventional method. It begins with 
the general principles of electrocardiography, the apparatus and description of the 
normal electrocardiogram and its variations. Then follows a section describing 
abnormalities of the form of the electrocardiogram, correlating diseases with the 
eleetrocardiograpliic changes in a very satisfactory fashion. He follows the middle 
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ground of presenting the conventional or *‘old terminology” of hundle-braneh 
block, but uIfo gives the "new tcrminologj'. ” In the seel ion having to do with 
coronary occlusion and coronary arterj- disease, precordial chest leads are discussed. 
The section which is given over to the irregularities is very well done, except for 
those parts having to do with treatment. These appear to me to be inadequate and 
not especially judicious, probably because the plans of therapy do not coincide %vith 
mv own notions of the use of the measures and drugs which arc available. The use 
of illustrations has been very generous. The bibliography has not been selected 
with as much care as the rest of the book deserves. 

The volume is a very welcome addition to the library of those especially interested 
in electrocardiography, but it will find little place outside this group in this country 
since our own literature abounds in excellent texts for students and practitioners. 

The appearance of a .second, revised edition of the book within a few months 
of the printing of the first edition testifies to the popularity that it has won. 

A Di.s.SEiiTATioM OX AcuTE Pkiucaiiwtj.s. By Oliver Wendell Holmes, Al.D. Janu- 
ary 12, 18.IG, 39 pp., 12 mo., Boston, The Welch Bibliophilic Society, 8 Fenway, 
■ price .‘?7.50. Introduction by James F. Ballard, Director, Boston Medical Li- 
brary. 

Oliver Wendell Holmes, after having graduated from Harvard College in 1829 
and having read law for a year, decided to take up the profession of medicine. After 
taking two courses in a private medical school in Boston he went to Paris whore for 
two years he %valked the wards of La Pitie and the Hotel Dicu in the footsteps of two 
great clinicians Louis and Andral. Ecturning to Boston late in 18.3.0, he was given 
the degree of M.D. by Han-ard in 1830 and as one of the requirements for that 
degree olTcred this dissertation on pericarditis. 

By some strange circumstance the manuscript of this essay has remained all 
this time unknown and unpubli.shcd in the archives of the Boston Medical Library 
and has only now seen the light of day in this publication by the Welch Bibliophilic 
Society. 

The writer presents an analysis of the anatomical and clinical features of eleven 
eases observed with Andral and Louis, as well as of a larger number of cases 
recorded by Eouillaud, and discusses the value of the "antiphlogistic” treatment in 
genera! use at that time. 

He quotes Bouillaud as stating that "of twenty patients attacked with acute 
general rheumatism of the articulations, there will be at least half who will ofTer 
the symptoms of pericarditis or endo-carditis (inflam, of the internal membrane of 
tile heart) and often of both united.” 

I ho volume is an attractive, finely printed brochure of forty pages which should 
be V, armly welcomed by medical bibliophiles as well as by all who are interested 
in the history of this important disease. 
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THE CAUSES OF DEATH IN PATIENTS WITH CONGESTIVE 

HEART FAILURE’^ 

Robert H. Williams, M.D., axd John Rainey, M.D. 
NASi-i\aLLE, Tenn. 

M ortality statistics indicate that heart disease is the cause of 
death about twice as often as is any otJier condition. Cabot^ ana- 
h'zed 4,000 clinical and post-mortem records of patients dying at the 
]Ma.ssachnsetts General Hospital between 1896 and 1919 and found car- 
diovascular disease an important factor in 1,520 (38 per cent) of these 
individuals. This and other studies indicate that during the last few 
decades the nilmber of deaths resulting from cardiovascular disorders 
has materially increased. For example, White- states that in Massachu- 
setts the death rate from heart disease per 100,000 was 124 in 1915, 215 
ill 1925, and 341 in 1935. Sucli figures excite the query as to the cause 
of this striking increase. During the same period that the increase in 
morbidity and mortalitj" has occurred, much time has been devoted to 
the study of heart disease and many valuable contributions have been 
made relative to the diagnosis and treatment of tin's condition. The fac- 
tors u-sually mentioned to account for the apparent paradox are (1) the 
more frequent recognition of cardiac deaths in recent years; (2) in- 
creased life expectancj’’, which favors the more frequent development of 
degenerative heart disease; and (3) an increase in the “stress and 
strain of life. 

Assuming that a significant increase in morbidity and mortality from 
heart disease has occurred, the following questions are pertinent; (1) 
When heart disease is present in an individual, what factors, circulatory 
or noncirculatory, actiiallj^ produce death? (2) What is the effect on 
these factors of the modern methods of treating congestive heart fail- 
ure ? (3 ) Is life prolonged by the use of these treatment methods ? With 
these questions in mind the present study was undertaken. 

SIETHOD OF STUDY 

An analj^sis was made of the clinical and pathologic records of pa- 
tients who gave a convincing history of congestive heart failure and 

♦From the Department of Medicine of the Vanderbilt University School of Medicine. 
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wlio died and were subjected to post-mortem examination at tlie Vander- 
bilt University Hospital during 1926-1935. Only records of patients 
who had exhibited definite evidence of congestive failure at some time 
during the course of their disease and showed cardiac dilatation on post- 
mortem examination were included in this study. By limiting our mate- 
rial in this manner, we felt that in the group studied most of the factors 
which produced death would be related eitlier directly or indirectly to 
cardiac disease. 

In order to compare recent treatment results with those previously 
obtained in this clinic, the records of the patients dying of lieart disease 
during 1931-1935 (Grroup B) were compared with those of 1926-1930 
(Group A), (Table I and Pig. 1). The types of heart disease were 
classified as follows: hypertensive, arteriosclerotic (with or without 
hypertension), syphilitic aortic insuf6cienc3% rheumatic, and miscellane- 
ous. The latter group included a variety of conditions such as cor pul- 
monale, thyrotoxic lieart disease, concretio cordis, congenital heart dis- 
ease, gumma of the myocardium, myocardial infarcts following coronary 
embolism, etc. In some patients more than one form of cardiac disease 
existed, but usual!}" one predominated, and this determined tlie clas- 
sification. 

In each case, were noted the age of the patient at death, the duration 
of life after the first appearance of congestive failure, the amount of 
subcutaneous edema at death, and whether either the lungs or the liver 
showed congestion. Because of our interest in the mechanism of the 
beneficial action of diuretic drugs, the presence or absence of myo- 
cardial edema, as revealed by microscopic examination, was noted. An 
attempt was made in each case to determine the chief cause of death. 
This was found to be difficult in some instances. However, after con- 
sidering the opinion expressed by the pathologist at the time of post- 
mortem examination concerning this point and after reviewing the clin- 
ical and 23athologic records, we believe that this has been done with rea- 
sonable accuracy. It is true that in some subjects there were a number of 
conditions present, no one of which, had it operated singly, would prob- 
ably have been sufficient to cause death. One usually was preeminent, 
however, and in our study this condition was designated the cause of 
death. Because of the frequency of pulmonary embolism and infarc- 
tion and of pneumonia as supplementary causes of death, the total inci- 
dence of these was also recorded (Table I). 

RESULTS 

Hi cideiicc.— -There were eighty-one cases during the years 1926-1930 
and 104 during 1931-1935, which fulfilled the requirements mentioned 
above. In the latter series there was a relatively greater incidence of 
cases in the hypertensive and the rheumatic groups and a slight decrease 
in the other groups. The distribution of the various types of heart dis- 
ease was found to correspond closely to figures given in other reports 
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iroiu the Soutli/"* the vascular diseases constituting about 60 per ee7it 
and the rlieuinatic and diseases, each about 35 per cent 

Adc fit Dcath.—Tha average age at death was between 35 and 45 years 
for all types of heail disease except the aileriosclerotic, in which it was 
about 60 years. It may be observed in Table I that these figures in gen- 
eral are lower for Group B than for Group A. This is due to earlier 
development of disease in many patients of the foi-mer group. 

Duration of Life After Onset of Congestive Symptoms . — The median 
duration of life after the onset of congestive s 3 Tnptoms was found to be 
eleven months for Group A and eighteen months for Group B (Fig. 1). 
This increase in duration was present in the hypertensive, the arterio- 
sclerotic and the rheumatic group.s. On reviewing the ten-jx-ar “after 
histories” of 3,000 men suffering from heait di.sease, Grant'’ found that 


a 1926 -1930 (6t cases) 
I 1931 - 1935 (104 CASES) 


MONTHS fftOM 
ON5CT OF 
CONGESTIVE 
FAILURE 



Kic. 1. — Cons^c.stivG hc'irl failure in canej? comfng^ to autopsy# 


llic (!i /;;tion of life, in the pre.scnce of venous conge.stion was two and 
ono-h. ii vears. A lax'ge proportion of his jjatients had I'heumatic heart 
<li.sea.s> . In Group B of our .series the average duration in rlieumatic 
subjects was thirtj'-two months, in the arteriosclerotic subjects fortj' 
inonth.s, and in the corresponding sj'’philitic group onlj' eleven months. 
In manin-st syphilitic aortitis Cabot found that, when “once the di.sease 
!)ecoincs knov.-n, it kills in mo.st cases 'vnthin two j'ears from the fir.sl 
■s^'mptoms. ’ On the basis of his studj’ of hj'pertensive heart disease he 
concluded that “death asually folloivs ulthin a year from the first 
-senou.s eviilcnce of stasis.” 

Congestion at Dent//.— Evidence of congestion of the liver and lung.s 
\sas present in /5 per cent of the patients in Group A and 65 per cent in 
Grouj» B. This deerea.se in congestion in Group B as compared with 
Group A was not as gi'eat as the decrease in the amount of edema pre.s- 
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ent at deatli in the members of Group B as compared with Group A. 
In the 1931-1935 group there was a definite reduction in the amount of 
subcutaneous edema at death in each type of heart disease, except in the 
miscellaneous cases, for 53 per cent in Group A exhibited moderate or 
marked edema as compared with 30 per cent in Group B. A corre- 
sponding difference was noted between Groups A and B in the incidence 
of myocardial edema (Fig. 1). 

CAUSES OF DEATH 

(Table I and Pig. 2) 

The cause of death in most eases was due to congestive heart failure, 
pulmonary embolism or infarction (or both), pneumonia, uremia, eere- 

S 1926 -1930 (81 CASES) 


CENT I 1931 -1935 (l04 CASES) 



bral vascular accidents, septicemia (Avith or without endocarditis), angina 
pectoris or coronaiy occlusion, and a few miscellaneous conditions. The 
role of each of these factors will be considered separately as follows: 

1. Congestive Heart Failure . — ^According to reports in the literature, 
when once congestive failure has become manifest in patients Avith heart 
disease, death Avill result from congestive failure ui from 30 to 40 per 
cent of the eases. Grant® found that 37 per cent of his patients A\dth 
sypliilitic aortic insufficiency died of congestive heart failiu'e. Cabot^ 
found that 34 per cent of his syphilitic patients and 33 per cent of his 
hjTAertenswe patients died of this cause. Of 107 ‘‘pure mitral cases” 
he states “these cases seem to shoAv that as a rule death does not occur 
in mitral disease by means of decompensation and passiA'e congestion.” 
Nevertheless, in 106 cases of mitral stenosis he foiuid that forty-nuie 
died of passwe congestion. 
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We ^Yere inlercstcd in determining the frequency of coaigeslivc fail- 
ure as a cause of death in patients with heart disease since the adoption 
of our present form of treatment. The inddenee of this condition in tlie 
cardiac patients who died during 1931-1935 was compared witli that of 
the 1926-1930 group. WJiereas conge.stive failure accounted for 31 per 
cent of the deaths in the earlier group, it accounted foi- only 18 per cent 
in the 1931-1935 ])atients. We then divided the two groups according 
to whether the patients had been in the hospital for two days or less 
when death occurred, since time for I’esponse to ii’catment was usually 
insufficient if the patient had been ho.spitalized less than two days. Nine 
per cent of the patients in Gi’oup A, and the same percentage in Group 
B died of congestive heart failure within two days of admi.ssion to the 
ho.spital. Among those living longer than two days after their hospital 
admi.ssion, however, congestive failure accounted for 23 per cent of the 
deaths in Group A and for only 9 per cent in Group B. This pro- 
nounced decrease in the frequency of congestive heai’t failure as the 
cause of death in the 1931-35 group was observed in each etiological 
type of heart disease included in our study except the miscellaneous 
gi'oup. Here no decrease occurred. It is noteworthy that in sj^philitic 
aortic insufficiency congestive failure accounted for 50 per cent of the 
deaths in 1026-1930, whereas it accounted for only 17 per cent in 1931- 
1935. Tn the arteriosclerotic type it accounted for 14. per cent in the 
first period and for none in the latter. 

2. Pulmonary Emboliwi and hifarclion . — A comparison of the oc- 
curi’cnce of xjulmonary embolism and infarctioji as the chief cause.s of 
death in the periods 1926-1930 and 1931-1935 reveals a marked reduc- 
tion for the latter period. This decline is well-defined in the arterio- 
sclerotic tjq)c.s (with and without hypertension) and in the rheumatic 
and syphilitic types, although there is a slight increa.se in the hyper- 
tensive group. 

The incidence of these conditions as supplementary causes of death 
experienced a marked decrea.se in each type of heart disease in Group B, 
having occurred in 44 per cent of the canes during 1926-1930 and in 
only 23 per cent of the group during 1931-1935. 

3. Pneumoma . — A definite increase in the incidence of pneumonia in 
heart disease was noted in Group B. This condition supervened in 35 
per cent of Group A and 53 per cent of Group B patients. Si.xty-four 
per cent of the patients with artei'io.sclerotic heart disease in the group 
during 1931-1935 developed pneumonia, and it was present in 67 per 
cent of the patients wth syphilitic heart disease. As the chief cause of 
death pneumonia also showed a definite increase in the rheumatic, sj^)}!- 
ilitie, and arteriosclerotic grou]>s. 

4. Jjrc.min . — As a cause of death in the patients with liypcrtensivc 
iieart disease uremia far surpas.sed all other.s, accounting for 50 xmr cent 
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: of the deaths from 1931-1935. In the subjects witJiout ]iyi>ertension it 
caused only one death during this period. 

b. Cerebral Vascular Accidents . — This was the letlial factor in 10 per 
cent of subjects with hypertensive heart disease in Group A and in 8 per 
cent in Group B. Cerebral hemorrhage was tlie condition usually en- 
countered at necropsy. Cerebral accidents appeared with greater fre- 
quency in the rheumatic subjects than in the hypertensive ones, l)eiiig the 
cause of death in 22 per cent of the former from 1931 to 1935. In these 
patients cerebral embolism was usually found at post-mortem examina- 
tion. Ill a review of 330 eases in which death occurred as the direct 
result of cardiac disease, Willius" found embolic phenomena in 58 (17 
per cent) . 

6. Bacterial Endocarditis and Septicemia . — These were the lethal fac- 
tors in 6 per cent of patients of Group A and in 5 per cent of Group B. 
In the latter group 17 per cent of the deaths of patients with rheumatic 
heart disease were caused by these complications. Here they usually 
^Vere manifestations of subacute bacterial endocarditis. 

7. Angina Pectoris and Coronary Occlusion . — Bach of the arterio- 
sclerotic. groups experienced a high incidence of angina pectoris and 
coronary occlusion. It is of interest that, whereas coronary disease 
caused no deaths from 1926 to 1930 in patients witli syphilitic aortic in- 
sufficiency, it accounted for 17 per cent of deaths in this group from 
1931 to 1935. Grant^ found that it accounted for 9 per cent of the deaths 
in eighty-two patients who succumbed to tliis tyiie of cai’diac disease. 

8. Miscellancoiis . — Under this division have been placed a variety of 
conditions. One patient in the syphilitic group died of a ruptured 
aneurysm, and two died suddenljq possibly of ventricular fibrillation. 
Some of the other miscellaneous causes of death were mesenteric throm- 
bosis, heart block, lung abscess, etc. 

DISCUSSION 

Although the number of cases is not large, tlie foregoing comparisons 
of the patients in Group B with those in Groipi A (Table I) seem to 
indicate that in recent years there has been a definite increase in the 
duration of life in patients who have suffered from congestive heart 
failure. This prolongation of life seems best accounted for by the more 
effective control of congestive failure. That this was obtained is indi- 
cated by the marked reduction in the number of patients during the 
period 1931-1935 who died primarily of congestive heart failure. This 
is fuither indicated by the distinct reduction in the 1931-1935 group of 
the amount of subcutaneous edema, myocardial edema, and hepatic and 
pulmonary congestion found at post-mortem examination. It also seems 
reasonable to attribute the noteworthy reduction in the incidence of pul- 
monary embolism and infarction in large measure to the better control 
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of passive congestion. Tlie incidence of pneumonia, on the contrary, 
has showi a distinct increase. Pneumonia was present in 53 per cent of 
11)0 snbjecls in Grou]) B and was tiie second commonc.st cause of deatli 
in our series. We regard this as being due to the fact that with tlie bet- 
ter control of circulatory factors in cardiac disease life is prolonged, 
and, since patients with advanced heart disease are in poor general phys- 
ieal condition, the chances for the development of pneumonia are in- 
creased. 

The reduction in the incidence of congestive heart failure as a cause 
of death is reflected not only in necrop.sy reports, but also by the in- 
creased number of patients discharged from the ho.spital as ''improved,’' 
Since only about 20 per cent of the patients who entered the ho.spital 
with conge.stive heart failure died in the hospital and since only about 
20 per cent of these patients who died were found at post-moj'tcm exam- 
ination to have conge.stive heart failure as the chief, immediate cause of 
death, it is evident that our mortality from congestive heart failure dur- 
ing 1931-19,35 was app 2 ‘oximately 4 per cent. Of those who w'ere treated 
in the ho.spital for more than two da.y.s, this mortality was approxi- 
mately 2 per cent. 

If more effective control of pa.ssive congestion con.stitutes the explana- 
tion of the better therapeutic results obtained in the 1931-1935 group as 
compared with the 1926-1930 group, how was it brought about? The 
management of patients until heart disease as regards activity, diet, 
fluids, digitalis, and .sedatives has remained es.sentia]ly the .same through- 
out the ten-year period. The onl.y significant therapeutic change made 
during this period was the more intensive use of diuretics. This began 
in 1930. Since 1930 every effort has been made to keep patients "dry,” 
All edematous subjects have been tested for tolerance to the various 
xanthine diuretic drugs, and edema has been treated by the use of the 
latter ior two or three days each Aveek, Avith oi' Avithout .salyrgan. The 
latter Avas employed freely in all cases except those exhibiting evidence 
of impaired renal function. 

A .suiwey of the gi’oup of patients aa'Iio received frequent injections of 
■salArgan (Group B) icA’cals that only one, excluding patients with 
hypertension, died of uremia. Fifty per cent of the subjects in Group B 
A\lio had hypertensiA'e heart disease died of uremia, Sfo-st of the.se 
patients had either malignant or benigji nephrosclero.sis. It seems 
piobable that the better control of edema in these patients protected 
a ceitain number from early’’ cardiac death and alloAV'ed for progres- 
•sion of the degenerative changes in the kidney to take place. It is 
also po.ssible tliat in .subjects Avith occult renal injury the mercurial 
diuietics may haA’e caused further damage to the kidneys. Wiseman,® 
iiOAACAer, records the administration of 270 injections of salyrgan to 
one patient in {ive years Avithout apparent harm. 
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Tlie data in Table I (Group B) reveal the cause of death in patients 
Avho had manifested congestive heart failure and had received the con- 
ventional treatment together with the intensive use of diuretics. In the 
subjects with hjTiertensive heart disease uremia stands first as a cause 
of death; in arteriosclerotic heart disease pneumonia is the outstanding 
lethal development, although angina pectoris and coronary thrombosis 
are common ; in rheumatic fever embolism and pneumonia are the com- 
mon terminating conditions, although congestive failure and bacterial 
endocarditis frequently occur. 

The frequent occurrence of pulmonary infarction and pneumonia as 
supplementary causes of death in each type of heart disease should be 
emphasized. Impressed by the importance of these complications we 
have recently reduced the initial period of complete bed rest for our pa- 
tients with congestive failure and have given careful attention to the 
problem of the prevention and treatment of respiratory infections. 

SUIMMARY AND CONCLUSIONS 

A study has been made of the cause of death of patients who suffered 
from congestive heart failure and who had been subjected to post-mortem 
examination at the Vanderbilt University Hospital. Two groups, com- 
posed of patients who died dui’ing the years 1926-1930 and 1931-1935, 
were compared as regards underlying and immediate lethal factors. 

Death from congestive heart failure and from pulmonary embolism 
and infarction distinctly decreased in frequency during the period 1931- 
1935. During this same period pneumonia, both as a primary and sup- 
plementary cause of death, mcreased in frequency, particularly in pa- 
tients with arteriosclerotic heart disease. 

Comparison of the two groups indicates that the duration of life after 
the onset of congestive sjunptoms has been distinctly prolonged in recent 
years. This is attributed to the better control of edema and has been 
brought about largely by the intensive use of mercurial and xanthine 
diuretics. 

Intensive treatment with salyrgan did not increase the mcidence of 
uremia in our group of nonhypertensive patients. 

Uremia occurred with increased frequency in the 1931-1935 hj’^per- 
tensive group as comiiared with the 1926-1930 group. AVliether the 
increased incidence of uremia in the subjects with hypertensive heart 
disease was due entirely to the prolongation of life which resulted from 
improvement in the treatment of heart disease (intensive use of di- 
uretics), tlius allowing progression of renal damage to occur, or whether 
in some instances the mercurial diuretics actually favored progression 
of renal disease cannot be stated with eertaintj'. 
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SOME PROBLEMS IN THE DIAGNOSIS, PROGNOSIS AND 
TREATi^IENT OF ACUTE ARTERIAL OCCLUSION^ t 

H. E. Rykert, M.D., M.R.C.P., and Duncan Grahaji, M.B., 
F.R.C.P.(C), F.R.C.P. 

Toronto, Canada 

T he diagnosis of acute occlusion of the large arteries of the upper and 
lower extremities is seldom difficult. Tiie symptoms and signs attend- 
ing the abrupt closure of the main artery of a limb are usually of such 
character that the diagnosis may readily he made by one familiar with the 
condition. The differentiation of embolism and tlirombosis as the cause 
of the sudden circulatory arrest is a more difficult problem since inter- 
ruption of the blood flow, common to botli embolism and thrombosis, plays 
such a dominant role in causation of tlie signs and symptoms present 
in the condition. It is our opinion, however, that a careful study of 
the signs and symptoms, particularly the sequence of their development, 
their location, and their severity, makes possible the differential diagnosis 
of embolism and thrombosis in the majority of eases. This report is 
mainly concerned with tlie symptom of pain in thrombosis and embolism, 
its possible causes, and its clinical signiffcance. In addition, the prog- 
nosis and treatment of acute arterial occlusion are considered in the light 
of newer methods of therapj’". 

In a series of tliirty-six cases of acute embolic occlusion pain was the 
initial sjnnptom in twenty-three, or approximately 64 per cent. Pain 
of maximal severity at the onset was present in nineteen of these twenty- 
three eases, or approximately 53 per cent of the total. Although pain 
was the first complaint in the other four cases, it was described as a 
distress in the limb at tlie onset, and a definite interval of time elapsed 
before the pain reached its maximum severity. In six of tlie other seven- 
teen eases the development of pain, numbness, and coldness appeared to 
coincide, and in the remaining eleven cases the sequence in the develop- 
ment of sjunptoms was numbness, or numbness and coldness, followed 
by pain. To sum up, then : pain was present as the initial complaint in 
64 per cent of cases of acute embolic occlusion; it was of maximum 
severity at the onset in 53 per cent and was present in the later stages 
of the condition in 100 per cent of cases. It was noted that pain of 
maximal severity at the onset usually was located at the level of the 
occlusion, and much less often in the distal part of the affected limb, and 
that the pain present in the later stages of the condition was always 

•From the Department of Medicine, University of Toronto, and the Sledical Service. 
Toronto General Hospital. 

fRead before the American Heart Association, Atlantic City, June S, 1937. 
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located distal to the site of the occlusion. In view of the variation in the 
lime of development, in the location, and in the severity of the pain 
present in different cases of acute embolic occlusion, it seemed to us un- 
likely that the origin of the pain could be identical in all instances. 

It seems clear from the work of Lewis^ that pain developing distal 
to the site of an arterial occlusion and in association with numbness 
and coldness is due to ischemia. This explains the cause of the late pain 
present in 100 per cent of our cases. On the other hand, ischemia does 
not appear to be an adequate explanation for the early pain oeeuri'ing 
at Ihe level of the embolic occlusion. When pain at tlie onset was re- 
ferred to the level of the occlusion, we have found that it preceded the 
onset of numbness and coldness. It was always of .short duration, often 
lasting for only a few minutes, and was .succeeded by prolonged di.stre.ss 
or actual pain in the distal part of the affected limb developing in asso- 
ciation with, or followed by, numbne.ss and coldness in the same area. 
With the shifting of an embolic clot from the aortic bifurcation to the 
femoral artery, the patient may give a history of an initial paiii in the 
back, later in the lower abdomen and, finally, in the groin over the 
femoral artery. The .short duration of the pain at the level of the oe- 
clu.sion and Ihe change in Ihe location of the pain, with a change in fhe 
l)Osition of flic embolic clot, occurring in certain cases make ischemia 
from occlusion of collateral vc.sscls at the site of the main obstruction, as 
proposed by Lewis,^ an unlikely explanation for the cause of this early 
pain, in our opinion. It appears to us that spasm at the site of the 
embolus, as first suggested by Seifert,^ is a more probable cause for the 
early localized pain in complete embolic occlusion. 

Occasionally patients with an embolic occlusion of the femoral arfeiy, 
or occlusion CA'en at a higher level, vdll complain of an early pain of 
maximum severit}^ in the popliteal space, in the upper part of the calf, 
or in the foot. In one of our cases an acute pain developed in the foot, 
which preceded the onset of numbne.ss and coldne.ss. As this pain ap- 
])oared when the patient was walking about and was promptly relieved 
by alternate .suction and pressure treatment, it seems apparent that 
ischemia Avas the cause of this early, scA'cre, local pain occurring distal 
to the site of the occlusion. This conclusion is in agreement with that 
of Lewis as to the cause of local severe pain oceun-ing distal to the site 
of the embolic occlusion. 

In two of our cases the patie7its complained of severe, tempoj‘ai*y pain 
localized to the popliteal space, Avhieh developed subsequent to an embolic 
occlusion at a higher level. In one of these eases an embolus Avas 7 ’e- 
7noAed from the common iliac artery, a7id later, at autop.sy, an embolus at 
the bifiu'cation of the popliteal aidery aa’us found. One of us (D. G/') 
has sugge.sted that the acute, localized pain in the pojditeal .space p 7 ’ob- 
abl.A iollowed occlusio7i of the a7'tei*y f7'07n a fragme77t of the j)7’oximal 
embolus, local .spasm being the probable cau.se of the pain. 
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In lliis eolineetion, it is interesting- that Ross^ lias reported the relief 
of prolonged, acute pain in the popliteal space hr excision of the oc- 
cluded portion of the artery. The prolonged and localized character 
of the pain and its prompt disappearance following arteriectomy suggest 
local arteritis rather than ischemia as tlie causative factor for the pain 
in this instance. 

In certain cases of embolic occlusion wherein a history of an acute 
early jiain at the level of the occlusion is obtained, the pain, having 
remained localized to the site of the obstruction for a brief iieriod, later 
spreads down the limli. 'When such a pain develops, it is of short dura- 
tion and like the early localized pain precedes the development of numli- 
ness, coldness, and distress or pain arising in the extremity distal to the 
occlusion. At the present time no adequate explanation can be offered 
for the cause of this pain Avhich spreads distally from the level of the 
occlusion. 

The occurrence of an early as well as a late type of pain in many 
eases of acute arterial occlusion is of diagnostic importance. In our 
experience a history of an initial pain at the level of the occlusion is 
diagnostic of occlusion from embolism and never occurs in spontaneous 
thrombosis. The thrombotic attack, as a rule, begins with numbness 
and coldness, and the pain which follows these premonitory symptoms 
arises distal to the level of arterial closure. Like the late pain of 
embolism, it would appear to be of ischemic causation. 

TREATJIENT 

The purpose of treatment of acute arterial occlusion is the early 
re-establishment of the blood supply of the affected limb. This may 
result from the development of an adequate collateral circulation or, in 
patients Avith occlusion from embolism, from removal of the obstruction 
by operation. Arteriotomy provides the only means Avhereby the ob- 
struction may be removed and the continuity of the occluded artery 
restored. This is only possible in acute arterial occlusions due to emboli. 

The satisfactoiw immediate results folloAving early operation in a 
considerable percentage of cases of acute embolic occlusion made embolec- 
toniA^ the accepted method of treatment in this condition. Our experience 
Avith eleven cases treated by embolectomy has not been satisfactory. In 
the eA^aluation of this method of treatment it AA^ould appear that too 
much stress has been laid on the satisfactoiy results that may folloAV 
early operation and too little attention paid to the late results folloAving 
embolectomy and to the percentage of spontaneous recoA^ery of the eii’- 
eulation following acute arterial occlusion. 

In connection Avith embolectomy Ave AA^ould like to pomt out that 
spontaneous recoA'ciy is not uncommon (Table I). In one ease of com- 
plete occlusion of the aortic bifurcation spontaneous recoA^ery oceurred. 
Some months later this patient died of A-entricular fibrillation, and at 
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autopsy complete obliteration of the aorta at the bifurcation was found. 
In a series of thirty-six eases of complete occlusion, of the coimnon 
femoral artery in twenty and of the popliteal artery in sixteen, spon- 
taneous recovery of the circulation occurred in approximately 20 
per cent of each group. Among fourteen cases of complete occlusion 
of the arteries of the upper extremity, seven recovered without any 
special form of treatment; three recovered follo'wing emboleetomy; and 
four died from the primaiy disease within a few hours of the onset of 
occlusion, before it was possible for recovery of the circulation to occur. 
When acute embolic occlusion of the arteries of the upper extremities 
oecui’s in patients not suffering from severe failure of the general circu- 
lation, spontaneous recover}’- would appear to be the rule rather than 
the exception, and one Avould question, therefore, tlie need for embolec- 
tomy or for any other special form of treatment in eases of embolism 
of the large arteries of the upper extremity. 

Pearse^ found that 52 per cent of 282 cases died within one month 
after operation, the chief cause of death lieing the primary disease and, 
to a lesser extent, recurrent emboli. In analyzing the operative results 
in 382 cases in Sweden, Nystrom® found that the late result was satisfac- 
toiy in but 86, or 22.5 per cent of eases. Strombeck," who followed up 
61 of these 86 patients, found one-tliird of this number living after five 
years and only three patients who Avere able to return to a gainful oc- 
cupation. 

These findings, which are in agreement with our owm experience, go 
to show that the primary disease, and not the immediate restoration of 
the peripheral circulation, is the important factor in determining the 
late prognosis in acute arterial occlusion. 

As the primary disease plays such an important role in both tlie causa- 
tion and the prognosis of acute arterial occlusion from thrombosis and 
embolism, treatment directed toward the early restoration of the circula- 
tion by measures other than emboleetomy would seem to be indicated. 
This has now been made possible through the introduction of alternate 
suction and pressure treatment by Herrmann and Reid® and Landis and 
Gibbon.® Alternate suction and pressure therapy has the advantage of 
beina: applicable to cases of thrombosis as Avell as of embolism, and in 
the treatment of the latter is not limited by the duration of the occlusion. 
We liaA'e treated ten consecutive cases of arterial embolism AAith alternate 
suction and pressure. The results have been extremely encouraging. In 
all cases the occlusion was of the main arteries of the lower extremities. 
In five of the ten eases the circulation of the affected limbs Avas restored. 
In four of the five successful cases, treatment Avas begun AAuthin five 
hours of the embolic attack. Two Avere cases of embolus of the aortic 
bifurcation; one aa’os a case of embolus of the left common femoral and 
right popliteal arteries ; in another the embolus was located in the common 
femoral artery; and in the fifth it was in the popliteal artery and AA'as 
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a.s.socialeci ^s'ith extensive secondary thrombosis. In two of the cases of 
bilateral occlusion, all pulses returned to both lower extremities within 
four months of the occlusive attack. In tivc cases this treatment was 
ineffectual. Two patients, hath willi occlusion of one popliteal aiid of the 
njipDsite femora! artery, were moribund when treatment wa.s started, and 
at the time of death the outcome in re.spcct to the limbs was uncertain. 
Another, with a popliteal embolus, ])ad .subacute bacterial endocarditis. 
The fourth patient liad an embolu.s of the common iliac artery. And 
the last patient had bilateral emboli of the external iliac arteries. In 
three of the hve faihu'us, treatment was instituted twenty -four hours or 
more after the embolic attack, and in two during the first ten-hour 
period. 

In four cases of .spontaneous tlirombosi.s, alternate .suction and pre.s.sure 
failed to improve the circulation of the limb. Two of the four patients 
had thrombosis of flic popliteal artery; one liad thrombosis of the aortic 
bifurcation and of one common iliac artery; and the fourth had throm- 
bosis of the superficial femoral artery. In two the involved extremities 
were gangrenous wlien treatment was started. All had advanced coro- 
nary disease and congestive failure. Amputation was necessary in three 
of the four eases, and death wliile in hospital was the outcome in every 
instance. The character of these cases was such as to eon.stitute an un- 
fair te.st for suction and pre.ssure treatment. In the hands of others,’”' ” 
it has produced encouraging results and it would appear to be a definite 
advance in the treatment of .spontaneous llirombosis. 

All embolus may initiate spasmodic contraction of the arterial wall 
in the region of the %’e.s.se) when the clot is arrested. It is probable that 
tills vasomotor reaction affects the anastomotic pathways as well as the 
main arterial channel. For this reason Denk’^ proposed the use of 
anli.spa.smodic drugs and in six of ten cases of embolism achieved good 
results with intravenous oupaverine liydrochloride. Similarly favorable 
results were reported by de Takats’’ in two eases, and by' Allen and 
.MacLcaii’^ in one case. We have used papaverine hydrochloride in doses 
of % to grain (0.166 gr. to 0..5 gr.) intravenously every four hours 
to supplement suction and pressure therapy in three eases of embolism. 
Because we wi.slied to evaluate the latter form of treatment, the drug was 
withheld in all three until the recovery process was well advanced. We, 
therefore, have not data concerning the re.siilt.s of this othei- conservative 
form of treatment. 

.sr.u,^rARY 

In eiiiholism of tlic large jieriplicral arteries, two distinct is'jjcs of 
pain may ari.se. There may he pain at the level of the oeclu.sion of 
.short duration hut al ma.ximiim severity at the onset of tlie attack. If 
merges into and is replaced by late jiain of Ischemic causation which 
arises in the di.slal part of tlie atlected extremity. The late pain differs 
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greatly in character from the early distress, and it is felt that the early 
pain is probablj^ due to arterial spasm initiated by the embolus. In 
thrombosis of the large arteries, similar early pain does not arise. 

Attention has been called to the frequencj' of spontaneous recovery 
of tlie circulation in acute embolic occlusion of the lai’ger arteries of 
the upper extremity. 

The final result of treatment of embolic occlusion is largely determined 
by the severit}" of the associated primary disease. The results of suction 
and pressure therapy, in our experience, surpass those of embolectomy. 
We would agree with Herrmann and Eeid and others that more con- 
servative methods of therapy are indicated in the treatment of acute 
arterial occlusion. It is suggested that the ideal method of treatment 
for acute arterial occlusion is a combination of the nonoperative methods, 
namely : suction and pressure therapy, antispasmodic drugs, and heat to 
the body. 
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THE ELECTEOGEAM OF CARDIAC MUSCLE 

II. Tmk Lkxgths of the Stages of Activity® 

A. Gakkahd Macheod, M.D, 

New York, N. Y". 


I 

B l' MEANS of the concepts developed in tlic previous paper, ^ it was 
possible to predict witlx eonsidei'able exactness the shape of electro- 
grams obtained under various circumstances, but, in order not to com- 
plicate unduly that argument, the means of obtaining measurements of 
the duration of the excitation process from the recorded eui'ves was not 
discussed, Tlie measurements which are needed are: Iir,st, the time 
during which the muscle is in any stage of activity; second, the time 
during wliicli the muscle is fully active and the length of the periods 
during which its activity is increasing and decreasing; third, the velocity 
with which the process spreads along the muscle. Information about two 
other matters is also desii’able: Erst, a mea.sure of the intemsity of full 
aetiidty (of two muscles both of which are fully active the manife.stations 
of activity may be of much greater magnitude in one than in the other) 
and, second, the nature of the rate at ivhieh activity increases or de- 
creases. This rate may be constant or a function of the stage of the 
process (activity may increase rapidly at first and more slowly later on or 
vice versa). 

The last tivo items are complicated problems requix’ing a knowledge 
of tlie three first mentioned for their .solution, and will not be dealt Avith 
in this communication. Of the first three, the first can be derived from 
the .second, and methods for determining the third are ivell knmvm. The 
concern of this paper will be, therefore, a description of the means of 
ascertaining the duration of the stages of increasing, full, and decreasing 
activity from a suitably recorded electrogram. Certain a.ssumptions in 
the previous paper about the lengths of these processes will then be 
checked, and finally, since a .somewhat different apjxroach to the problem 
i.s necessary, tlie correctne.ss of the method of analysis previously used 
can he tested. The experiment Avliich i.s introduced serves the double 
purpose of illustrating the application of the concepts tbeoreticall.v de- 
rived and of testing their I'alidity. 

II 

^lusele doe.s not become active instantaneously. The active process 
spreads %vith a given velocity .so that one length of muscle will he hc- 

•Frotn tlK- HoKjilt'tl of the Kockcfeller In.stitute for Mr.,]icnl KeKearcIi, Kew Y'ork. 
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coming active, another will be fully active, and a third will 1)6 regressing 
from the active state. The lengths which are in transition are the dis- 
tances over which the potential diiference which exists between resting 
and active muscle must be distributed. It is possible to represent the 
potential diiference either by a chain of doublets distributed along the 
transitional region or by a single positive and a single negative pole 
located at its beginning and end, respectively. Conversely the length of 
the doublet , chain or the distance apart of the positive and negative poles 
measures the length of the transitional region. A B C D (Fig. lA) repre- 
sents an excitation process which travels over a muscle fiber from left 
to right, A B, B C, and C D constituting the stages of increasing, full, 
and decreasing activity, respectively. E is an electrode. It has been 
shovTi^ tliat tile transitional process gives rise to a train of doublets and 
that such a train is ecpiivalent to a single positive and a single negative 



pjg-. 1. — An electrode E is I'epresented in close proximity to a sti-ip of muscle 
along which the excitation process A B C D is passing from left to right. Prom A 
to B the muscle is increasing in activity, from P to C it is fully active, and from C to 
D the muscle is decreasing in activity. The potential differences between active and 
resting muscle which must he distributed over the transitional regions are represented 
both as chains of doublets (pairs of positive and negative poles infinitely close to- 
gether) and as dipoles (single positive and single negative pole separated by a finite 
distance). 

B. An liypothetical electrogram is shown such as would be produced by the passage 
of the potential differences depicted in A under the electrode. R S T U W is the ac- 
cession deflection ; T' W X Y Z is the regression deflection. 

S and U indicate the arrival of A and Bj respectively, beneath the electrode and W 
and Y the arrival of C and D respectively. 

Prom T’ to W' the electrogram is produced by electrical effects resulting from both 
the accession and regression of activity. 


pole separated by its length. If this latter concept is used the accession-' 
deflection of the electrogram is wi-itten by the positive and negative poles 
located at A and B, respectively, as they pass under the electrode. The 
maximum positive effect may be expected to occur, therefore, Avhen the 


♦It was shown in the previous paper that the electrogram is the sum of two diphasic 
curves. The first and more rapid, the r«utt of electrical changes accompanying the 
accession of activity, is called the accession deflection ; the second and slower, c.aused 
by electrical changes which accompany the i-egression of activity, is called the re- 
gression deflection. 


404 


THE a:meuicax IIBAKT JOTJRXAE 


j)o.si{ivo ]jo]c is immediately beneath llie clecli'ode di, and the maximum 
negative effect wlien the negative pole is in this position. S V (l^ig- IB) 
measures accordingly the duration of the stage of increasing activity 
and 11' r the stage of decreasing activity'. Since 7J signals, furthermore, 
the end of the stage of increasing activity and W the beginning of de- 
creasing activity, the interval V Ih measures the duration of full activity. 

In this simple analysis no account has been taken of the fact that as 
the forward member of the dipole approaches the electrode, the effect of 
the hinder one is also increasing. While the effect of the forward member 
is maximum when it is directly beneath the electrode, this effect is 
counterbalanced to a certain extent by the proximity of the hinder mem- 
ber. It is conseciuently not perfectly clear that the resultant effect will 
1)0 maximum when the forward member is beneath the electrode, par- 
ticularly if the two members are close together. Wilson, Macleod, and 
Barker^ have, in fact, .shown that when the two members of a dipole are 
close together the maximum and minimum points of the curve do not 
occur exactlj' at the time when the eon’e.sponding members of the dipole 
are directly beneath the electrode. It is necessary, therefore, to learn 
whether the intervals between the maximum and minimum points of the 
curve measure the stages of activity with a reasonable degree of accuracy. 
The mo.st satisfactory way to solve thi.s problem is to derive a mathemat- 
ical expression for the potential of the electrode at any moment and to 
ascertain analytically its maxima and minima. P’or this purpose it is 
convenient to deal with trains of doublets. Since both accession and 
regre.s.sion deflections are produced by trains of doublets which differ 
only as to length and polarity, it is necessary to consider only three 
phases of the problem: (a) when the doublet train is .shorter than the 
mu.scle, (b) when it is longei’, and (c) when it is of equal length. 

A muscle fiber, an electrode (E), and a short train of doublets (Fig. 
2A) illustrate the conditions existing when the doublet train is shorter 
than the muscle. The long axis of the mu.scle fiber coincides wdth the 
X axis in a sy.stem of rectangular coordinates (Pig. 2B). The tip of 
the electrode is at a distance h from the origin on the >/ axis, x repre- 
sents the position ol the head of the train of doublets supposed to be 
travelling over the muscle from left to right, and L is the length of the 
doublet train. For the sake of simplicity the velocity V with which the 
doublet train travels is a.ssumed to be unity, so that a unit of time and 
a unit of distance are represented by equal intervals on the graph. If 
then, the effect of anj doxxblet upon the eleclv'odc is given bv the formula 

P = - the effect of the whole train will he. 
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This expression defines the effect upon the electrode for any position of 
the doublet train so long as all of it is on the muscle fiber. A graph of 
this function is also shown in Fig. 2B. To ascertain the maxiinuin and 
minimum, values of this function, it is necessary only to differentiate 
it with respect to x and equate the derivative to zero. Tliis gives the 
equation 

_ /Lt (a; - L) ax 

o T).. p — i _ z — n 

“• — [(3. _ L)2 + b2]a^ (a;2 + 

Obviousby neither x = 0 nor rc == L is a. root of this equation. 

Consequently the maxunum and minimum values of the function do 
not accurately signal the arrival of the iiead and tail of the doublet train, 


p 



Pig. 2. — ^A. A -short train of doublets travelling along a muscle strip is shown in 
relation to the exploring electrode E. E is the length of the doublet train : h the 
distance of the tip of the electrode from the muscle; A' the distance of the head of 
the doublet train from the orisrin 0 : X' the distance of any doublet in the train from 
the origin ; R the distance of the doublet at X' from the tip of Uie electrode ; 0 the 
angle between R and the line along which the doublets are travelling. 

B. The graph of the function is plotted in which 

H _ 

^ “ V X- + b- V (X-EJ- + b- 

i.e., the graph of the potential change produced in E by the passage of the doublet 
train along the muscle strip. 

respectively, beneath the electrode, and the statement first made, that 
S TJ (Fig. 1) measures the duration of the phase of increasing activitiq 
is not strictly correct. 

During the regression of activity the signs of the doublets are rei'ersed 
and the train is represented as longer than the muscle over which it 
travels (Pig. 3). It is simplest to consider the iiroblem in three parts: 
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fn-st. tlic’ ]iC‘rKKl f.liU'ing ■wliicli Ihe head of ilic douhlel tvairi is in the act 
of pvo!Xl•cKsin<^ over the nmsclc; second, the period during wliieh the 
muscle is completely covered liy the doublet train ; and third, the period 
(luriu'r which the tail is passing over the fiber. P’ig. 3A represents the 
first of tliese situations. The s.ynibols have the .same notatioms as before. 
.4 and 71 are the absci.ssae of the ends of the muscle strip. 

In this case the potential of the electrode is defined by the equation 






tJ- 

\/~A2 + Ij'i 


V I l>- 


This c.xjirc.ssion defines I lie jmtenlial of the elect rode for the interval 
X — to X ~ B or fi om the time, of the fir.st beginning of activity till 
1h<‘ head of the active process reaches B. During this period the curve 
will reach its maximum value when X = 0, for Dx P equaled to zero 
gives the equation 


4. Dx P 


-fi j- 

(r'-i + b2):s4 — 


Obviously 0 is a root of this equation. 

During the second stage (Fig. 3B) the potential of the electrode re- 
mains constant at the value if attained when the doublet train reached B 
since, for every doublet that pas.ses off at 77, one comos on to ihe strip at 
A. A constant i-elationship is therefore maintained between the doublets 
to cither side of the electrode. Whether the potential of the electrode 
is zero, negative or positive, dejicnds on whether the absolute value of 
A is equal to. greater than, or ]e.s.s than, that of B. The potential of the 
electrode is given by the equation 


0. 


P = 


/i 

v' aTTTX + 1)2 ’ 


Thi.s c.\-|)i-essioii defines the potential of the electrode for [L - (B - A)] V 
soc<juds. 


During tlic final period .r represents the position of the tail of the 
doiildef train (Fig. 30). TJie potential of the electrode is expressed by 
Die equation 


0, 



ji 

' vita 4- h'l' 


Tile duration ot this stage is of cour.se equal to that of the fii’st. The 
curve will reach its minimum value, furthermore, when X =- 0 for D, P 
equated to zero gi\-as 


7. Dx = 


ft X 

; = 0 , 

4- h2j% 


and zero is a root of thi.s equation. 
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TJicrefore, wlien tlie doublet train is longer than the muscle over which 
it travels, the maximum and the minimum peaks of the electrogram ac- 
curatclv signal tlic arrival of its head and tail, 3 'especti%elj, beneath 
the electrode. This is also ti-ue when the length of the train is equal to 
that of (lie muscle, for under the.se circumstances the second part of the 
analysis is simply omitted (Fig. 3D). In other words the central flat 
portion of the curve disappears. 

Although derived in a difterent way, equation 1 is of the same form as 
the eqiiation which Wilson, Itlacleod and Barker^ obtained in their dis- 
cu.ssion of linear excitation, so that it is permi.ssible to make u.se of their 
reasoning in regard to the maxima and tlie minima of the function. They 
showed that in general the interval between the maximum and the 
minimum peaks of the curve is gi-eater than tliat which separates the 
positive and negative elements of the dipole, and the greater the di.stance 
between the tip of the electrode and the mnscle (h) the greater is the 
disparity. Their r’easoning was based upon the fact that Avhen the two ele- 
ments of the dipole are vci-y close togcthei’ (when it approximates a 
doublet*) the interval between the maximum and minimum peaks is 
dependent upon b (distance from electrode tip to muscle) alone. When 
this fact is taken in conjunction with the demonstration which has just 
been made, tliat when the lengtli of the train of doublets or the distance 
which separates the elements of the dipole is equal to or greater than the 
length of the muscle it is accurately measured by the interval between 
the maximum and the minimum peaks of the electrogram regardless of 
the value of h, it is logical to conclude that the greater the interval (if 
this is le.ss than the length of the muscle) between the elements of the 
dipole, Ihe more accurately this intei-val is measured by that between 
tlie maximum and minimum peaks of the electrogram. When h is small 
and L is liy comparison large, no appreciable error is introduced, there- 
iore, liy using the intei’val between the peaks of the electrogi'am as a 
measure of the length of a transitional stage, oven if this stiifze is .shorter 
than tlie muscle. What error there is will be greater in the case of the 
stage of increasing activity, hut even in this ease it will not be great 
tor as will be shoum subsequently, the length of this stage is .several 
miilimctcr.s. whereas the di.stance of the electrode from the mn.sele is 
JUTiliahly le.ss than 0,1 mm. 


If the graph of equation 1 is compared with the first part of the 
tlu-orelical eiccti’ograrn (Fig, 9 or 10 of the foregoing paper), it will he 
seen that the two are of identical .shape. If the graphs of equations 3, 
o. and G arc connected seriatim, they also will be found to he identical 


Wit li the graph of the effects of the regi-e.ssion of activity (P'ig. 11 of the 
Jivticle). Without further demon.stratlon it may be stated, 


•For oonv/ 
r'ror-iloii by 
ti^^■ ij-’,;.-' of 

'loabb.'t?. 


,.rr cJoxf to^r-tnor. A {.= --quiv.alt'nt to a chain of 
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tliereforc, that any of the theoretical electrograms illustrated in the 
previous paper may be reproduced by combining the graphs of appro- 
priate mathematical expressions. As it happened, the shapes of the 
theoretical electrograms -were arrived at first by means of this sort of 
mathematical anah'sis. The graphic method was devised later because 
under certain circumstances the mathematical procedure becomes very 
cumbersome. Under the simple circumstances that have been dealt with 
so far, the mathematical analysis can be used as satisfactorily as the 
graphic one. But if the problem is complicated, as for instance, if the 
duration of a stage of activity were different at one end of a muscle 
from that at the other, the mathematical analysis would become too com- 
plex to be useful. In the graphic method it would then be necessary onlj^ 
to make the corresponding rectangles of different dimensions. It is pos- 
sible also that the graphic method gives a clearer insight into the mecha- 
nisms whereby the electrogram is produced. Because of its greater 
flexibility and clarity the graphic method is in general to be preferred, 
but it is difficult by means of it to demonstrate the significance of the 
maximum and minimum points of the curve. For this reason and because 
the mathematical analysis is an excellent check on the validity of the 
graphic method, it has been briefly discussed. 

Ill 

To illustrate the application of the concepts which have been developed 
and to test their validity, an experiment was performed. The apparatus 
and arrangements were similar to those employed in the previous in- 
vestigations except that two simultaneous records were taken, one from 
the central region of the auricle and one from a point near the auriculo- 
ventricular junction. It ivas possible in this way to learn the form of 
the curves from these two points and further to ascertain the velocity of 
transmission of the impulse. In Fig. 4A is such a pair of curves. They 
resemble in form the curves taken from similar positions in the previous 
paper (Fig. IOC and IIC). Without moving the electrodes, another 
record was taken after warming the heart by flushing it with warm 
saline solution (Fig. 4B). The accession deflections before and after 
warming are similar. The upward peak of the curve from the central 
portion of the auricle after warming (Fig. 4B, a^) is slightly lower than 
the corresponding peak of the curve at room temperature (Fig. 4A, Ca) 
but the general form of the two is the same. This distortion probably 
results from the fact that the auricle was not warmed s.’^unmetrically. 
The regression deflections are, however, markedly different. In the set 
taken at room temperature, they have the forms that are expected 
(previous paper Figs. 10 and 11). In the curve from the central portion 
of the auricle the first upward phase (rj is concealed within the ac- 
cession deflection, the flat portion coincides approximately with the iso- 
electric line and is followed by the final downward deflection (r.,). In 
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the curve from the vicinity of the aurieuloventricular junction, the first 
upwawl deflection (r j is again concealed in the accession deflection, the 
flat portion is above tlic isoelectric line and is followed by a downward 
deflection (r,). which is smaller than that of the curve from the center. 
After warming, the regression deflection of the curve from the central 
region becomes definitely diphasie with no flat central portion, and tbe 
tn^o pliases are approximately equal, Tbe curve from tbe auricido- 
ventricular junction also becomes diphasic, but tbe upward phase (r^) 
is niiicli larger than the downward (r.). After warming, both .summits 
of the regression deflection (}\ and r,_,) arc visible, and the distance be- 



FiK^. >. — A pair of elnctroprnmy is .shown takon from tiio anterior .surface of a 
fros'-s auricle at room temperature. The upper curs’c JeriveJ from the central 

region of the .-iuricle an<I the lower one front a point mm. nearer tiie aurJcuIoven- 
tricular junction, rit anil an a, re the Jov.nv.'.'irJ and upw.-ird peaks of the acccBsion 
deflection; n and j-j are tiie upward and downwaid pc.akf- of the rcgrci-Kion deflection. 
ri Is conc>;aled in o, a,. Tito fiat fxjrtloii of the upper curve which connect.s: n and 
coincide,« approximately with the i.soehvtric line. The corre.^ponding part of the lower 
curve i.s above the i.soelectric line, 

B. A pair of electrograms Is shown taken from the same point.s as in A after 
tire prepanrtion was warmed, r, i.s- now vh-lhle in both curves, and the fiat irortion 
has disappe.'ired. The time marked indlcatc-s seconds. 


tween them, and therefore tiie duration of the pha.se of decrea.sing 
ffotivity, can be ea.sily measured. In the case of tlie eurves taken at 
room tcfnjferature. tlio measuremenj of the flni"ition of the vcffi'ession 
ju-ocitsis is iiceessarily inaeciirale. but a very trood apjn'oxinialion to it can 
be made by assuming iluji Uic* summit of llic ujfward peak is at the center 
of the aeee.ssioM deflection. Tliese measiirerneiits are g-iven in Table J, 
Hince tbe time fit wiiicli the rapid np.stroke of fJie aece.s.sion deflection 
crosses tiie isocloelrie line corre.sfrond.s to tin* time at wJjir-h tbe center of 
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t.lio stage oC increasing activity is beneath the electrode, tlie interval be- 
tween the crossing of the isoelectric line in the top curve and the crossing 
in tiie bottom curve represents the time necessary for the impulse to 
travel from one electrode to the other. From this measurement and 
the distance between the electrodes the velocity with which the process 
of activation travels can be obtained. This velocity increases with in- 
crease in temperature. 

In practice the accurate measurement of the velocity is attended with 
consideralile difficnlty. Tlie velocities given in Table I are corrected as 
far as possilile. Bnt since tlie error in mea.snring the distance between 
the electrodes is apjn-oximatcly 10 per cent, tliey are inaccurate to this 
extent. Great accuracy is not e.ssential, however, for the purposes of the 
present argument. 

Taroe I 



UUILV- 

DURA- 

DURA- 

LEXGTH 

LEXGTH 

LEXGTH 

OF 

pmvsE 

OP FULL 

AC- 

TIAHTY 

(MM.) 

VELOCITY 

TIOX OF 

TIOX OF 

TIOX OF 

OF 

OF 

OP 

IMPULSE 

(MM./ 

SEC.) 

ACCES- 

SIOX 

PROCESS 

(sec.) 

REGRES- 

SION' 

PROCESS 

(SEC.) 

FULL 

AC- 

TIVITY 

(SEC.) 

ACCES- 

SIOX 

PROCESS 

(MM.) 

REGRES- 

SIOX 

PROCESS 

(MM.) 

Room temperature lt5(J 

0.015 

0.33 


2.5 

55 


After warming 21 S 

0.015 

0.11 

0.17 to 
0.20 

3,3 

24 

37 to 44 


One fnrtlier measurement should be recorded, namely, the length of 
the auricular muscle from the sinus venosus to tlie auriculoventricular 
junction. Making this measurement is difficult when the heart is in 
place because its surface is curved and part of it is inaccessible or ac- 
cessible Avith, difficulty. Only a rough estimate can, therefore, be made. 
It was from 20 to 25 mm. 

IV 

The most striking fact in Table I is the very marked disproportion be- 
tween the lengths of the accession and regression deflections in the 
curves taken at room temiieraturc. The regression process is more than 
twenty times as long as tlie acce.ssion process. The duration of full 
activity cannot be ascertained because the preliminary upAvard deflec- 
tion (?-j) of the regression process is concealed Avithin the accession de- 
flection, but its duration must be A^ery brief. It Avill, therefore, be seen 
that the conditions a.ssumed formerly^ to be present are justified. The 
concept then proposed Avas that the excitation process consists (1) of a 
brief stage during Avhich aetiAuty is increasing, (2) of a A^ery brief period 
of full actiAuty, and finally (3) of a long stage of decreasing actiA'ity. 
The assumption that the regression process is u.sually longer than the 
muscle OA’er Avhich it traA’-els is also confirmed. The distance traA^elled 
by the impulse in this experiment was 20 to 25 mm. (distance from sinus 
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\'enosiis to ventricle along the anterior surface of auricle) whereas 
the length of the regression process Avas 55 nun. 

An essential point in the conception of tlie regression deflection as 
developed in the present study and in the preceding is that it is a 
diphasic process. It has, hoAVCA'er, been necessary to assume that the 
first of the regression phases is usually concealed AAuthin the larger acces- 
sion deflection. That this is a possible state of affairs is obAuous, but it 
may be Avell to summarize tlie e\’idcnee for its probability. In tlie fir.st 
place, a theory Avhich requires the existence of an upward phase for the 
regression proee.ss satisfactorily explains the displacement of the flat 
portion of the electrogram aboA’c and beloAv the isoelectric line as avcII as 
the shape and size of the terminal deflection. Second, under certain cir- 
cumstances, such as the application of heat, the regression deflection be- 
comes obviously diphasic (Pig. 4B and in the previous paper. Fig. 9). 

The use of heat to bring out the diphasic character of the regression de- 
flection resulted from reasoning in the following manner. Since under 
ordinary circumstances the ixpward ])hase of the regression deflection 
is small as compared Avith the aeee.ssion deflection, it seemed probable that 
if its amplitude could be increased in some Avay, evidence of its existence 
might be obtained. It AA-as ob.scrved that increase in temperature de- 
creases the duration of the regression process, and for theoretical reasons'^ 
it Avas believed that a decrease in dui’ation should be accompanied by an 
increase in magnitude. The ciArves in Fig. 4B fulfill this prediction. 
The upAvard phase is noAv easily seen in the curves from both portions. 

The measurements in Table I indicate that after Avarming the heart the 
length of the regression process is equal to that of the course OA'cr Avhich 
it traA'els. Under these cireum.stances the flat centi-al portion should dis- 
appear (l^'ig. 3D), and this deduction too is borne out by the experi- 
mental cui’A'es. That the stage of full activity Avould be increased could 
not haA’c been predicted, for no method of analysis capable of bringing 
out this fact aatis hitherto aA'ailable. Wliat its significance may be Avill 
require fiirther iiiA'cstigation. This ability to predict Avith some accuracy 
the hehaA’ior of the electrogram under A'aried circumstances Avould seem 
to be added evidence for the validity of the concepts developed. 


SUMJrARY 


1. A method for measiAving the stages of increasing, full, and de- 
ci’casing aetiA'ity of cardiac muscle from suitably I'ecorded electrograms 
is described and the critique of the method discussed. 


be rpnrrwnto(Thv I minute .segment of muscle can 

lenem bf hclglit is proportional to its magnitude and whose 
between -letTvr U is n.s.sumed that the difference of potential 

the n-ctaneVe fe .alway.s the s.ime. It must follow th.at the area of 

redimMon m tlie effect must remain constant. AVhile any 

f nvct‘ueneu/nf the 'y,^>’e-=smn procc.s.s will decrease tlie duration of tlie 

In the ' /V‘ f f’e accompanied by a jiroportional Increase 

dRferenee ^wtweln (height of the rectangle) because the total potential 

of inuMde and VoTil ' testing mu.selo Is now distributed over a sliorter stretcli 

luscle. .ind tacli muscle .segment will contain a proportionallv greater portion of it. 
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2. A mathematical analysis of the electrogram has been used to check a 
previously described graphic one. 

3. Further evidence has been brought forth for the concept that the 
electrogram of cardiac muscle consists of two diphasic curves (an acces- 
sion and a regression deflection) produced by potential differences dis- 
tributed over that portion of the muscle which is undergoing transition 
from resting to active state and vice versa. 
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T he attempts to detennine tlie sites of inyoeardial infarcts by the 
recognition of eliaraeteristic clectrocardiograpliic curves started in 
1928 wlien Parkinson and Bedford* deinonstiaited that there Avere tAVO 
general tA-pes of curves obtained from patiejils AV’ho liad suffered from 
coronary tliroinbosis. They called these tlie T, and the 'i';> types. In 
the Ti type there A\’as npAvard displacement of the RS-T segment and 
inA'crsion of T-ayua'c in Lead I, Avhile in Lead III the RS-T segment 
Avas displaced doAvinvard and the T-AvaA'e Avas sharply upright. In the 
Ts type the RS-T segment Avas displaced upAvard in Lead III and 
doAvuAA'ard in Lead I and the T-aa-ra'c Avas inverted in Lead TIT and 
upright in Lead T. Tn the folloAving year Tiarnes and 'Whitten" .sliOAved 
that the Ti 1y])e Avas fi'eqnently a.ssociated Avilh infaiadion of the 
anterior surface and apex of tlie left A'eutricle. i.e.. in the distribution 
of the anterior descending brancli of the left coi-onaiy artery, and the 
T;} type Avith infarction of the po.sterior and basal ])art of the left 
A'entricle, i.e., in the distribution of the posterior circumflex brandies 
of both right and left coronary arterie.s. Gilchri.st and Ritcliie,® hoAA*- 
cA'er, among others, coii.sidered that localization by means of RS-T and 
T-AvaA'c changes Avas not infallible Avhen they failed to obtain good cor- 
relation betAA'een the site of the infarct and the electrocardiographic 
pattern. Later Wilson and his associates* found that a large Q-aatia’C 
Avas usually present in Lead I in the Tj oi- anterioi- type and a large 


Q-AvaA'c in Leads If and HI in the T-j or posterior type. 

Further assislanco in the Iccalizatitm of infarcts as aa’cI! as diagnosis 
has resulted from the use of precoialial leads and e.vpioring leads. 
Wilson and his assoeiate.s’- tlieoretically and experimentally shoAved 
that part oi the heart nearest (he electrode sIioaa's a prepoudei'ating in- 
fluence uimn the form of the cui'A'c. Consetpiently" in precordial leads 
the electrical actiA'ity ot the anterior Avail of the heart has a much 
greater effect on the foi'in of the curA'e than the electrical actiA’ity of 
the po.sterior aaoII. In 1.9.32 they'* .shoAved tAvo types of precordial 
cm ACS a.ssociated Avilh changes in QK.S and T in coronary thrombo.sis. 
I he ffr.st group shoAved an initial deflection of their curves AA’hieh is 
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ii])Avard and of large amplitude and not preceded by a doAVinvard 
deflection, as is ordinarily the case. The T-AYaves of this group inaj’’ 
be negative. Tn the second group the initial deflection is u-sually 
dowinvard and of large amplitude. The T-Avaves Avere sharply in- 
Amrted. The former Avas associated Avith anterior Avail infarction and 
the latter Avith posterior type of infarction. In the same year, Iioaa’^- 
eA'er, Wolferth and AVood and their associates”- Avere the first to 
shoAV that precordial leads may display RS-T displacement as Avell as 
QRS and T-AvaAm changes in coronary thrombosis AAdien the standard 
curA^es are equiAmeal. 

The failure of precordial leads to shoAv striking abnormalities in 
cases of infarction of the posterior Avail is probably due to the fact 
that the electrode lies at a considerable distance from the damaged 
area and the intervening healthy muscle exerts a major influence in 
Avriting the curve by Aurtue of its nearness to the electrode. FolloAAung 
the Avork of Lieberson and Liberson^^ in 1934 and of BroAAui^- on the 
use of esophageal leads, Ave haAm attempted to studj^' the electrical 
CA^ents occurring in the region of an infarct of the posterior A^entrieu- 
lar AA'all by means of an electrode placed in the esophagus, i.e., in a 
position AA'here close contact is obtained Avith the damaged area Avith- 
out the 'inter A'ention of a large mass of healthy muscle. For com- 
parison, Ave have taken preeordial leads in cases of iDosterior infarction, 
as AA'ell as esophageal and precordial leads in cases of anterior infarc- 
tion and hi normal subjects. Records from one subject in each of 
these; groups Avill be presented. 

- iMETHOD 

After taking llie three standard leads the preeordinm i.s explored, using a .small 
German sih'cr electiode (surface area of 1 sq. cm.) as the e.xploring electrode, 
and a central terminal attacdied to the arms and tlie left leg through three accuratel}' 
standardized resistances eacli of .5,000 ohms (Wilson and his coworkersi'^) as tlie 
indifferent point. The galvanometer is connected so tliat relatiA-e electronegativity 
of the exploring electrode results in an upward deflection of the string in all records.* 
(The string sensitiA-ity in all records was 1 cm. = 1 niA*.) The points on Avhich 
the exploring electrode is placed are as folloAvs; on the fifth rib immediately to the 
right of the sternum (V,), on tlie fifth rib immediately to the left of the sternum 
(Ay), in the fifth left intercostal .space midway between the left lateral sternal 
line and the midclavicular line (A^), in the fifth left intercostal space in the raid- 
clavicular line and on the sixth rib in the left anterior axillary line (Ay).i4 

The potential variations of each extremity are then recorded by attaching the ex- 
ploring Avire (right arm) in turn to tlie electrodes already applied to the right arm 
(VR), the left arm (A'L) and the left leg (AT), the left arm Avire from the 
galvanometer being connected to the central terminal.i-t 

Records are finally taken by the esophageal lead. The electrode is of German 
silver, of circular cross-section, 8 mm. in diameter by 20 mm. in length, and has 
slightly taiiering ends. It is soldered to four strands of insulated copper Avire 
enclosed in a rubber duodenal tube of the Rehfuss type. The right arm Avire of the 

‘AA'^hen this paper was Avritten, this AA-as the conA-'entional metliod of recording: tlie 
laboratory potentials. The nomenclature proposed in AA'’ilson’s laboratory" had not 
yet been adopted by the -American and British Heart Associations. 
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galvunonietcr is attanlied to tJie csopliaf'ciil cloctrodc iiiul tlio lel’t leg wire to the 
same indin’erent terminal as is used for (lie preeordiai leads. The pharynx is cocain- 
ized and the electrode passed until it reaclie.s a point 50 to 00 cm. from tlie iiici.sor 
teotl), depending on the build of the patient. It is tlien drawn up 2.5 cm. at a time 
and record.s are taken at cadi interval until a point 25 to 30 cm. from the teeth is 
reached. 

Jlrown lias .diowii’^ that when the esophageal electrode lie.s in the region of the 
auricles characteristic P-waves are written which contain rapid upstrokes analogous 
to the intrinsic deflection of direct leads. Thc.se intrinsic deflections disappear when 
the electrode is jiassed below the auriculoventricular groove. Examination of the 
proximity of the esophagus to the jiosterior surface of the ventricles in the cadaver 



KiK. 1. 

.Stanflanl lo.-i<ls 1 2 a 

Extremity j)otenliaI.« VJl VE VJ-' 


-Xonri.-il subject. 

Preconllal leads 
JJ.sonfiafi'c.’il Ic-hOh 


Vi A’./ Vi V, A's 


■!."» cm. from tiie inci.sor teetli! 
sen.sUlvity, ] mv. = 1 cm. tn tld.s and the other records.) 


.S. If), 4Zr,. 


shows that cloM.. .'ontact is made with the base of (he left ventricle, though there 
may be some divergence lower down. We have therefore selected those tracings ob- 
tained from i.oints 5 cm. and more below the lowest level showing characteristic 
1 -waves, as Ixdng from the iiosterior surface of the left ventricle. 


m-:suLT.s 


3. 

axis 

This 


Nonml Subject (Fig. 3).-TJ.e slatitJartl leads show slight left 
deviation, probably due to the lvan.sver.se po.sition of the heart, 
•slight axis change is shown also by the presence of a major 
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downward deflection in the left arm potential cnrved" Otherwise the 
extremity potential curves are within the limits of normal set hy 
Kossmann and Johnstond'^ Tlie jirecordial curves also fall witliiii the 
normal limits established hy these authors. 

The esophageal tracings show that characteristic intrinsic auricular 
deflections are present in the curves taken at 35 cm. and at 32.5 cm. 
from the teeth. The ventricular deflection is composed of an initial 
summit followed by an approximately equal depression and a well- 
marked upright T-wave. The ES-T segment starts close to the isoelec- 
tric level hut rises steeply into the T-wave. At 37.5 cm. the electrode 
probably lay close to both auricular and ventricular tissue since the 
initial ventricular deflection is similar in form to those recorded at 
higher levels, though the T-wave, diphasic in form, is intermediate 
between that seen at 35 cm. and that seen at 40 cm. 

At and below 40 cm. the P-wave loses all sign of a sharp upstroke, 
showing that the electrode lay below the auricle and near the ven- 
tricular surface. The initial upright ventricular deflection seen at 
higher levels is replaced by a .slight slurring of the major downward 
deflection, the latter being in turn succeeded by a small summit. The 
T-Avave is directed doAvnivard, with the KS-T take-ofi; practically 
isoelectric. 

2. Myocardial Infarction (Posterior Type). — Case 1 (Fig. 2). Stand- 
ard Leads: The electrical axis is .normal. No Q-deflection is present 
in Lead I, Qo is 1 mm. and Q. 3 ‘ is 25 per cent of that of the largest 
QRS deflection in any of the standard leads. Therefore Q 3 satisfies 
the criteria of Pardee. Neither Q 2 nor Q 3 is large enough to fulfill 
the conditions suggested by Durant, ic according to ivliom Qo should 
be at least 25 per cent of Ro and Q 3 at least 50 per cent of the largest 
QRS in any lead. The RS-T segments in Leads II and III are markedly 
elcA’ated and the T-Avaves in these leads are iiiA'Crted, Avhile in Lead I 
the RS-T segment is slightly depressed and the T-avra’c is upright. 
These abnormalities together Avith the clinical history and examination 
(see protocol) aiipear sufficient eA'idence on Avhich to base a diagnosis 
of myocardial infarction of the iDosterior type. 

Extremity Potentials: The right arm iiotential cuiwe (YB) shoAvs an 
initial upright A'entricular deflection and a Ioav A'oltage doAviiAvard 
T-Avave Avith slightly elevated RS-T take-off. In the left arm curve 
(VL) there is an initial depre.ssion folloAA^ed bj" a summit, a consider- 
abl.v elevated RS-T segment and a doAviiAvard T-AvaA^e, AA'hile the left 
leg curve (VP) shoAvs an initial summit folloAved b}" a larger depres- 
sion, a Avell-marked upright T-AvaA’^e and a depressed RS-T interval. 
It AA'ill be noticed that Lead resembles Lead III in contour. 

Precordial Leads: In these leads (particularly V3, V4 and AL.) the 
A^enti-icular complex is initiated by a deep doAAUiAvard deflection. The 



THE AMEIUCAX IIEAin’ JOUKXAL 


41 S 

JJ3-T 8(’f^niciit is clcviitccl Jiiicl llic J'-\vhvc is tliicctccl cloAViiwAid {iiicl 
(»]■ lai'jre size. Tliese are in keepiiif? witli tlie abnormalities shown by 
the sfandai'd leads. 

Esopharjcal Leads: At 42.5 and 37.5 cm, the presence of shai-p rapid 
auricular deficetiojis indicates that the electrode was close to the 
auricular surface. At 42.5 cm. the ventricular deflection does not 
differ in jreneral form from those recorded from points lower down, 
but at 37.5 cm. it differs considei-ably. After a very small downward 



Sl.'indanl li'.-id.u 12 3 

Extremity j)©!!,-!!!!;!]." \'ll \'n \'F 


Po.«lerior myocardial Infarction. 

T’lecorUlal Iead.s V> V- A'j V< Vc 
KsophaKcal lead.s 37.5, 42.5. 45, 47.5, 
50, 52.5 cm. from tlie inci.sor teeth. 


wave thei’o is a relatively larfre upright deflection, .smaller dowinvard 
and upriglil waves, an elevated Rfs-l' segment and an inverted T-tvave. 

I lie curves taken IVom ju.xtaventricular positions (namely 45 to 55 
cm. from the teeth) show somewhat low amplitude of the initial ven- 
trii-iilar deflection which begins with a small summit folknved by a 
slow downward tleflection, indicating relative electropositivity of the 
exiiloring electrode. Aftej- tlie next short but more rapid upward 
movement, which proliably repre.senfs the intrinsic deflection, there 
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is a iiiarkedlv depressed KS-T interval and an upright 4 -wave. 13} 
comparison there arc marked similarities of the contours of these 
esophageal ventricular deflections to those of the left leg (VF). 

3. Myocardial Infarciion (Anierior Type ). — Case 2 (Fig. 3). Siand- 
ard Leads: The electrical axis is normal. Q-waves are present in Leads 
I and II. There is no Q-defleetion in Lead III. The amplitude of Qo 
is 25 per cent of that of Ih_. and the amplitude of Qi is greater than 
1 mm. and -more than one-fifth as large as the largest K-wave in any 



Fig. 3. — Case 2. 

.Standard leads 12 3 

Hxtremity ijotontials A’R AU.. AT? 


Anterior myocardial infarction. 

Precordial leads A’’i AL AL A’l AL 
Esopiuigeal leads 3i5, 37. .5, 10, 12. 
■i7..5 cm. from tlie incisor teeth. 


■I-'). 


standard lead ; Ei is less than 5 mm. liigh. The RS-T segmeiit is curved 
upward in Leads I and II and the T-Avaves are inverted, Avhile in 
Lead III the RS-T segment is isoelectric and flat and the T-Avave is 
upriglit. These abnormalities together AAuth the clinical history and 
examination (.see protocol) appear .sufficient evidence on AA'hich to base 
a diagnosis of myocardial infarction of the anterior type. It is fur- 
ther noted that except for the presence of inverted T^, Durant’s 
•criteria^® for Qi Ti type curves are satisfied. 
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Exirtmii]} Potcntiah: The arm curve (VR) consists of a small 
initial dov/iuvard. a ivell-inaidced upward, and another small down- 
v.ai'd wave, an inverted T-wave with a nearly isoeleelric and upwardly 
eoJive.v RS-T take-off. The left arm curve (VL) shows small upward 
and lai'trer downward deflections with an uprip-ht T-wave rising from 
the isoelectric level. In the left leg tracing fVF) there are again small 
upward and downward v/aves. hut the latter are followed hy a larger 
.summit. The T-wave is small and upright and the take-off is iso- 
electric. YR re.sembles Lead T and YL Lead TIL 

PrrcorrJial Leads: These show an absence of tlie initial downward 
deflection. In Y^ the RS-T .segment is .slightly depre.s.sod but in other 
po.sitions, isoelecti'ic. In Y-j. Y 4 , Y,-, Ihei-e is a downward convexity of 
this segment. The T-waA'cs are upright fi'om points to the left of the 
.sternum. These abnormalities are consi.stent with the diagnosis of an- 
terior infarction. In the routine apical lead records of this ease made 
immediately and for some time after the acute episode, there was 
marked depression of the RS-T segment, in addition to the absence of 
an initial doAvinvard deflection and the presence of an upright T-wave. 

Esopluif/cal Leads: The characteristic auricular deflection appeal’s at 
37,.5 and .So cm. and is well marked until the 30 cm. level is reached. Ai 
the.se kwels the A'cntricular (-oiuplex. beginning Avith a small summit, is 
chiefly comi)o.sed of a large doAvuAA'ard aa-ua'c, 'I'he RS-T segment is ele- 
vated and rounded and the T-ayua'c directed doAviiAvard. It is also ob- 
.sei’A’cd that Avhen the electrode lies oA’cr the loAvei’ pai’t of the auricle 
and the upper part of tlie A'entricle, betAveen 37.5 and 42.5 cm., the 
7’-AAuiA'e is exceptionally deep. 

In the curA'cs obtained from juxtaA'entricular points (40, 42..5, 45, 
47,5 cm.) the ventricular deflection consists of a Avell-marked doAA-n- 
ward swing Avith .slight initial .slurring folloAved by a .summit, an ele- 
vated K.S-7’ segment and a doAvuAvardly directed 7'-AvaA’e, 7’he latter 
cui’A-es (45 and 47.5 cm.) .somcAvhat re.semble the leg lead fVF) except 
in amplitude. 

ms'ci'.‘^.sio.v 


Leads of the type used in this study ai’C theoretically mupolar and 
rej)rescnl the potential A'ariations of the exploring electrode with re- 
spect to an indifferent central terminal, the potential of AA'hicli j-emaius 
at zero thi-oughoiit the cardiac cycle. When the exploring electrode 
is placed ii) (dose ])roximity to the heart flic* resulting curve record.s, 
more or less faithfully, the jndential changes occurring at tlie ad- 
.iacent epicardial surface. Tho.se e.sophageal curA'es of Case 1 and 
tliO'-e })ref'ordial ciirA'e.s of Case 2 in AA’h/eh the exploring electrode 
Avas (rlose to tlie infarcted regdon are similar in general outline. In 
both eases tlic RS-T .segment is dispbieed doA'-uiArard and the T-deflec- 
lion is sharply upright. In the case of the QR,S deflection the resem- 
blance i.s somcAvhal less striking, but both set.s of curves display a con- 
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spiciious summit at the onset of the QKS interval, indicating initial 
negativity of the exploring electrodes. In other words, the initial 
dowmvard moA'ement present at the beginning of the QKS interval in 
normal precordial curves and in the curves obtained from the lesser 
levels of the esophagus in normal subjects is absent. The initial sum- 
mit in cpiestion is much larger in the preeordial curves (Case 2) than 
in the esophageal curves (Case 1) ; in the latter it is followed by a 
conspicuous downward movement. A similar summit occurs in the 
first three esophageal curves of our normal subject (Fig. 1), but not 
in the others from lower levels. No iiiitial summit occurs in the 
esophageal curves at tlie ventiueular level of Case 2, in the precordial 
curves of Case 1, or in the precordial curves of the normal subject. 

In electrocardiographic studies of experimental infarcts produced 
in dogs by coronary ligation, Wilson and his associates^" have shown 
that the curves, obtained by leading directl.y from the surface of in- 
farcts which are composed of dead muscle and extend completely 
through the ventricular ivall, closely resemble those obtained by lead- 
ing directly from the Amntricular cavity beneath the infarcted region. 
In this ease the dead muscle of the infarct appears to act as a window 
or opening in the A'entricular wall, which permits the potential varia- 
tions of the ventricular cavity to be transmitted to the epicardial sur- 
face. The valvular orifices at the base of the heart act in the same 
way, and leads from points in close proximity to and facing these 
orifices display a large initial upward or minus deflection at the begin- 
ning of the QKS group similar to that seen in leads from the ventricu- 
lar cavity or from the surface of an infarct. This, no doubt, explains 
the occurrence of an initial summit in leads from the auricular levels 
of the esophagus in normal .subjects (Fig. 1). 

In direct leads fi’om experimental infarcts which inA'olve only the 
subendocardial layers of muscle the initial summit is smaller. It does 
not constitute the sole QKS deflection, as it does when the infarct ex- 
tends completely through the ventricular wall, but is followed bj' a 
conspicuous downward movement which terminates in a sharp upward 
movement or intrinsic deflection of subnormal amplitude. The rela- 
tively small size of the initial summit and the deep downward move- 
ment following it in the esophageal curves of Case 1 (Fig. 2) suggest 
that the infarct did not involve the entire thickness of the ventricular 
wall. The anterior infarct of Case 2, on the other hand, did appar- 
ently penetrate the ventricular wall if we may judge by the form of 
the corresponding precordial leads, in which a large initial summit is 
the sole deflection of the QKS group. 

In animal experiments^^ pronounced KS-T displacement in the 
downward or plus direction occurs in direct leads from the surface 
of the infarct for a few hours immediately following coronary liga- 
tion. ' It disappears when the injured muscle dies or recovers. 'Wilson 
and his associates-® have shown in experiments on the turtle heart 
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tiiat ill direct leads from tlie side of tlie heart opposite the injured 
rojrion the K8-T displacement is in tlie upward or nefrative direction. 
It M-ili he noted tiiat in Case 1 tiie leads from tlie lower levels of the 
esophagus show conspicuous downward disjilacement of the RS-T .seg'- 
ment. whereas in the prec.ordial leads and in the fir.st esophageal lead 
(at ?>7.o cm.) the RS-1' disi^lacemenl is in the upward direction. The 
jiresence of marked RS-T displacement in tliis case suggests that the 
infarction is still in an early stage and that much ol the damaged 
muscle is still alive. The small size of the initial QRS summit of the 
esophageal leads may be due in jiart to this cause. 

In direct leads from e.xperimental infarcted animal hearts sti’iking 
T-wave changes of the type seen in human coronary occlusion are com- 
pared to leads from the Tiiarginal portion of tlie infarct.’ These 
T-wave changes appeal" to depend upon a disturbance in damaged but 
not fatally injni-ed muscle, which alters the retreat of the exciting 
jirocess. 'When the exiiloring electrode is not in contact with the epi- 
cardial surface but merely close to it, the curve obtained represents 
the average of tlie iiotential variation occurring ovei’ a considerable 
area. It may be for this reason that precordial leads and esophageal 
leads frequently yield curves which combine features seen in direct 
leads from the (central portion of an exjierimental infarct with fea- 
tures jieculiar to direct leads from the mai-ginal poi'tion. In other 
words, fully devehqied QRS changes and fully develojied T-wave 
changes may he present together in jirecordial (Fig. ‘4) or in esojihageal 
leads. 

CASE imOTOCOEft 


Cask ]. — E. E.. a wliilc male, ageU fifty-nine, cnlf.*re>] Die Jfoslon City IIo.“jiit!il 
on D("-. l.t, la.'It; anil iliei] forty-eiglil Iionrs later. He Iiai] sufTered froai malaria 
v.-iien in Die Oiilipiiine I.“lani].‘- in 1000 to HKD and Iiad lieen treated witli quinine 
for seven year.-'. Tiiougli liigli lilond pre.-sure had heen ili.-eovered five year.- previou.- 
to adini.'-ion. he had heen well until the day before, when he had .‘'horl attacks of 
.-iih.-terrial jiaia whirli radiated to the h*fi arm tirid were tn-eompanied by a feeling of 
con.-trietion arouml tlic ehe.-t, ditiieulty in breatiiing. and sweating. Two of tlie.-e 
:itfa<-k.- ocear.-ed during the day whih* he wa.s working and the third awjikened him 
during tlie nigiit. E:i'-ii afltiok la.-ted for about two to five minute.-. While wtillting 
to uorl; on the d;iy of admi.-.'ion la* agtiin .-iiffered from tin* .-tune .'■yinjitoni.s, which 
wen* slightly but v>'ry temporarily relieve<l by nitroglycerine. The ptiin tind eon.stric- 
tion in the eliest lM*<-am<* very severe and he vinnited tmd felt fjiint. An injeeiion 
of morjihine after admission to the ho.-pital wa.- neees.-ary to provide relief. 

hxfuniiuttion revealed a -lightly eyaiio.-ed man who (after morphine) was: not 
uncomfortable. The cardiac ape>; wa.- found to be in the fifth intereo.-tiil space 
3 cm. oiilf-i<ie the midclavicular line. The earditw rhythm was regular and the rate 
•*i). lie* iieart ^ounil- uere indi.-tiiici. bat no murmur.- or perie.'irdial frielion were 
heard. 1 he MoihI jire--ure wa- 1-fti/fKi. There wa- iio cervical venous distension and 
no hepatic eal.-irgcmcni, though a few coar.-e rah*.- wej-e heard in boDi lungs. There 
was ii'i p/*riplie;al edema. The lernje-ratiite on adtiii.-.-ion was UT.U' F, 


/Krto.--Thc urine contained a -mall trace of albumin. The hemoglobin 
aiel tc,i c,.)! count were normal. 


The lem-fK-yie.- were increased to 21,2.o0 per 
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cubic millimeter on the (.bij* of admission but fell to 7,200 on the third day. Blood 
nonprotcin nitrogen was 2!) mg. per cent. The Hinton test on the blood was negative 
for syidulis. The cori'ccted sedimentation rate was iU mm. (Winti-obe method) in 
one hour on December 15, and 13 mm. on December 17. 

Course . — The temperature rose to 100° F. on the second day and to 100.2° on 
the third day. Throughout the .second day and until the early afternoon on the 
third day he felt perfectly comfortable. The esophageal electrode was swallowed on 
the second day without discomfort or any untoward sign. At 2:00 P.M. on the third 
day, while he was con.sulting his lawyer, he suddenly became acutely dy.spueic and 
cj'anosed and died ndthin five minutes. Permission for autopsy was refused. No 
digitalis was administered throughout the course of the illness. 

Case 2. — B. C., a white male, aged forty -nine, entered the Boston City Hospital 
on Jan. 15, 10.37, and was di.scharged on March (5, 1937. One month before admission 
he first suffered from short attacks of dull squeezing pain in the chest, brouglit on 
by exercise and relieved by rest. The.se became more frequent ten days before ad- 
mission. On the morning of the day of admi.ssion he was attempting to rise from 
bed when he was seized by a very severe constricting pain in the chest which became 
worse, caused nausea and vomiting and necessitated two injections of morphine 
before he was brought to ho.spital. 

Examination revealed an acutely ill man complaining of precordial pain. The 
cardiac apex was found to be in the fifth intercostal .space, 10 to 11 cm. to the left 
of the midsternal line. The cardiac rhythm was regular and the rate 100. The heart 
sounds were faint but no murmurs, gallop rhythm, or pericardial friction were heard. 
The blood pressure was 140/90. Cervical venous distension, peripheral edema, and 
hepatic enlargement were absent, but a few moist rfiles were heard at the left lung 
base. The temperature on admission was 97° F. 

Laboratory Data . — The urine contained a small trace of albumin; hemoglobin 
and red cell count were normal. The leucocytes were inerea.sed to 11,500 per cubic 
millimeter, but returned to normal on the third day. The blood nonprotein nitrogen 
was 30 mg. per cent. The corrected sedimentation rate (Ernstene method) was 0.3 
mm. per minute. The Hinton test on the blood was negative for syphilis. X-ray 
cardiac measurements, made two weeks after admission, were as follows: To the 
left of the median line 11.5 cm., to the right 0 cm., internal diameter of the thorax 
33.5 cm. and great blood vessels S cm. 

Course . — The temperature ro.ee on the second day and remained at 101° F. for 
three days. The pulse rate fell gradually to about SO. On the fourth day a peri- 
cardial friction rub was heard at the right sternal border in the fourth intercostal 
.space which disappeared on the following day. The blood pressure fell to 94/50 on 
the tenth day, and on discharge was 100/00. Some precordial discomfort remained 
for three weeks but thereafter the convalescence was uneventful. The esophageal 
electrode was swallowed on February 23 without discomfort or any untoward sign. 
No digitalis was administei’ed throughout the cour.se of the illness. 


SUMiMARY 

1. Standard leads, unipolar extremity leads, unipolar precordial 
leads,, and unipolar esophageal leads were employed in a nonnal sub- 
ject, in a case of infarction of the posterior wall of the heart and in a 

, case of infarction of tlie anterior wall of the heart. 

2. These curves have been analyzed and compared and it has been 
found that the preeordial electrocardiograms characteristic of anterior 
infarction resemble the esophageal electrocardiograms characteristic 
of posterior infarction, and vice ver.sa. 
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3. In preneral the curves here presented provide evidence that the 
potential variations occurring at the epicardial surface of myocardial 
infarcts in man are similar to those v/hieh occur at the epicardial sur- 
face of infarcts produced in animals by coronary ligation. 
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COMPARATIVE EFFECTS OF AVATER BATHS AND AIUSTARD 
BATHS AT ACARYINO TEAIPERATURES ON THE RATE 
OP PERIPHERAL BLOOD FLOAT IN AIAN 

John A. Eillian, Ph.D., and Charles A. Oclassen, B.S. 

New York, N. Y. 

T he ever increasing niunber of reports in medical literature of clin- 
ical and experimental studies of the i^eripheral vascular system in 
man x)oint to a growing interest among both clinicians and experimen- 
talists in variations in rates of peripheral blood flow in both physiologic 
and pathologic states. Tins interest has been stimulated largely by the 
development of simplified and practicable apparatus for recording skin, 
surface temperatures and for photograpliing the capillaries of the skin 
at the nail fold; exeeUent modifications of these methods have been 
developed by AAYight and Duryee.^ Application of these procedures to 
the clinical study of the peripheral vascular system in several peripheral 
circulatoiy clinics has revealed frequent and marked depression of the 
skin surface temijerature and .stoppage of blood flow in the capillaries 
of the extremities in a variety of pathologic states and in apparently 
normal subjects in response to drugs and some foods and after smoking 
tobacco.^’ ^ Although results obtained by these procedures should be 
accepted as qualitative indications only, not as quantitative measure- 
ments, they emphasize both the frequency of depressions in peripheral 
blood flow and the need of a simple and readily available method for 
prevention of, and relief from, disturbances of the peripheral blood 
circulation. 

AVright and Duryee,^ in their excellent review of the present loiowl- 
edge concerning human capillaries, point out that the capillary bed is 
responsive to chemical influences by local reactions, usually by dilata- 
tion (only in special or pathologic cases by general reactions) and to 
nervous stimulation, usually by constriction, over the body as a Avhole. 
It is, therefore, likely that beyond the arterioles the capillaries and 
venules function actively, thereby participating directly in vascular 
reactions. Although it has long been known that mustard baths improve 
the peripheral circulation, AlattilF in his review of the literature on 
hydrotherapy cites only one reference to mustard baths in which it had 
been shown that the addition of mustard to a bath at neutral tempera- 
tures increased the oxygen consumption and the carbon dioxide output 
by 25 per cent although the bath alone had no demonstrable influence 
on metabolism. 

The experiments herein reported were undertaken to determine quan- 
titatively the effects of adding mustard to water baths at temperatures 
between 25° C. and 40° C. upon the rate of peripheral blood flow in the 
hand or foot immersed in the bath. AYith this objective in mind, eom- 
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parisons Jiavc been made oi‘ l.lic effcels of jiiiistard balhs and walar bal,Ii>s 
at similar t(;m])eralurt‘S. Lam])son' ap])lied Frccmairs modification of 
the method of Ifcwleft and van Z\valuwenl)er'r’' to a (jinnil if alive study 
of the vasoeonsli-ietion induced ))y smoking. Tliis procedure was adopted 
in the experiments described below. In ordei- to observe changes in 
rates of blood flow in the foot, a plethysmograph, which accommodates 
the foot comfortably, was constructed. Fig. 1 gives the sketcli of this 
appai-atus and the method of insertion of the foot and of supporting 
the leg. 



Fig. 1. — A, the Vjnis.s plethysmograph 
into which tile foot ha.s been inserteii. 

T, Uiermometer in.serted into the batli 
with the iilethysniograph. 

K. rigid rubber tubing leading from 
the pietliy.srnograph to the Brodie bellow.". 


C, cuff to .shut off return of venou.s 
bloo<i from foot. 

P. pre.s.sure bottle. 
a, pre.s.“ure gauge. 

.S'S, Rupport-s for leg. 


Ihree normal men and six normal women, whose ages varied from 21 
to .32 yeais, served as experimental subjeels. 

In all experiments the room lemjierature was maintained hetweon 18’ 
and 20’ ( . Beioi'e the te.sts, the .subjects were given periods of com- 
plete re.st vaiying from thirty to si.xty minutes. During the experi- 
mental period the subjects reclined at rest on a couch provided with a 
comlorlalile back j-est. Eillier the right, am or the right foj-eleg was 
supported on a horizontal x>lane above the level of the heart. 
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Hewlett and van Zwalnwenberg have stated tliat in favorable cases 
the error of the method does not exceed 20 per cent. In the experience 
of the authors, the probable experimental error of the method is ±15 per 
cent with the hand plethysmograph and ±12 per cent with tlie foot 
plethysmograph. These have lieen estimated from the mean average 
deviations in tlie rate of peripheral blood flow during control periods in 
all experiments, of which the average results have lieen summarized in 
Table I. 

Table I 


Vabiatioxs IX Bates of Periphek.w. Blood Flow ix Extremities of Experijiext.vl 

ySUBJECTS DeTERMIXED AT DiFFEREXT TIMES 


SUBJECT 

NUMBER 

OF DETER- 

AflXA- 

TIOXS 

LEXGTir OF 

EXPERI- 

MENTAL 

PERIOD IX 

MINUTES 

EXTREM- 
ITY USED 

PERIPHERAL BLOOD FLOW AS IN- 
CREASE IX VOL. OF EXTREMITY 
C.C. MIX. 

AVERAGE 

RATE OF 

INFLOW OF 

BLOOD PER 
100 C.C. 
HAND OR 

FOOT PER 

MINUTE 

MAXIMUM 

MINIMUM 

a\t:rage 

E.B. 

6 

35 

hand 

39 

35 

30.3 

0.7 


4 

17 

hand 

20 

22 

24.0 

4.5 


q 

25 

hand 

25 

23 

24.4 

4.5 

L.L. 

o 

o 

15 

hand 

10 

8 

8.8 

3.2 


5 

30 

hand 

7 

5 

5.3 

1.9 


5 

30 

hand 

13 

S 

11.0 

*1 •> 

T).L. 

() 

30 

hand 

11 

8 

9.3 

2.3 


4 

10 

hand 


5 

5.(3 

1.4 


(i 

15 

hand 


11 

14.0 

3.5 

M.L.H. 

6 

25 

hand 

SB 

29 

32.4 

7.8 

K. B, 

4 

30 

hand 

9 

8 

8.4 

2.4 

A.S. 

5 

52 

hand 

13 

8 

9.0 

3.0 


(5 

55 

liand 

28 

20 

24.0 

7.5 

C.K. 

7 

40 

hand 

20 

10 

17.5 

3.7 


4 

20 

liand 

20 

8 

12.0 

2.0 


5 

27 

hand 

37 

27 

31.8 

0.1 

iSLK. 

9 

41 


23 

17 

21.1 

3.1 


9 

20 


18 

12 

14.5 

2.0 

L.L. 

9 

32 


22 

12 

r-t 

2.0 


in 

50 


34 

23 

27.9 

4.2 

C.K. 

4 

31 

foot 

20 

10 

14.0 

1.3 



24 


17 

n 

13.2 

1.1 



45 

foot 

17 

12 

15.0 

1.4 


mOm 

40 

foot 

32 

17 

28.2 

2.5 


Table I presents data for rates of peripheral blood flow eitlier in tlie 
hands or the feet of the experimental subjects determined during con- 
trol periods on different days but under similar experimental conditions. 
Variations from 50 to 150 per cent have been found in the results ob- 
tained at different times for any one suliject. Hewlett and van Zwalu- 
wenberg have reported equally variable results for the same individual 
at different times. Since only well-trained subjects were employed in 
these experiments and they remained at rest during the experimental 
periods and since the temperature within the plethysmograph was main- 
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tained •within ±1° C. and variables in the environment were excluded, it 
seems that the factors producing the variations noted are probably be- 
yond the control of the experimenter. In order to exclude variations in 
peripheral blood flow when determined on different days, the effects of 

Tabok II 


COMI’ABATIVE EiTECTS OE IUTHS IK tV,\TEn AKJ) IK itOSTAKD IVaTEU Ul'OK THE 

Rate or Peiui'jiebai, Bwov Fww 


SUB- 

JECT 

i 

BATH 

AVEBAfJE 

TEMPEBA- 

TITiEOK 

BATH 

°c. 

E.\'rKi:i- 

JIEKTAI, 

PEItlOIl 

MIKETES 

1 Ki:.\tBEB 
j OF KErEi:- 
.MIKA- 

TIOKS 

BATE or I'EBTI’UKliAE BI.OOB 
nj)W AS IKCl'.EASE IK VOLUME 
i or EXTliKMITY — C.C. I'EB 

.MI.KUTE 

MAXI- 

.M UM 

! MIXIMT.'M 

! 

i AVEB.ViE 


hand 

tV'Atcr 

■BSQii 

15 

•r 

1 

1 

8 

8.8 


:‘,7.Q 

45 

1 ' 

22 

14 

18.0 

D.L. 

luind 

■Water 

;}5.o 

10 

! d 

1 5 

5 

.5.0 

0.() per cent 
mustard 

.'53.0 

40 

8 

1 

, 11 

1 

1 

5 

8.55 

C.K. 

liand 

Water 

i'AM 1 

550 

0 

i 58 

20 


0.0 per cent 
mustard 

555.1 

554 

4 

[ 08 

50 


■ 

foot 

Water 

1 j iiO 1 

1 10 i 



mSm 

0.0 per cent 
mu.«tard ' 

55(i.8 1 55 1 

i ; 

i 

47 1 

mum 

41.3 

B 

foot 

j 

Water 

:!5.0 1 

552 ] 

0 

22 i 

1 ^2 

mBm 

0.0 per cent 

mustard 

.'50.1 i 

1 

40 

7 1 

i 

48 j 

mm 

■mmi 

E'.K. 

foot 

Water 

:55.o ; 

41 

0 

255 

j 17 I 21.1 

tVater 

40.5 1 

552. 

0 

50 1 

1 40 i 44.0 

0.0 jjer cent; 
niu.stard | 

40.S j 

1 

•J 1 

1 

0 j 

57 

40 1 

1 

1 

50.0 

K.KJ 

foot 

Water 1 

**•)••) 1 

20 ! 

0 

IS 

12 ! 

14.5 

tVater ; 

.'5S.2 

40 ! 

0 

42 

21 

550.7 

0.0 per cent 
mustard 

j '5'8.1 i 

1 0(i j 

!■ ■ 1 

0 

50 

558 

42.2 

C.K. 

foot 

Water i 

1 :54.0 

40 j 

5 

055 

20 

558.4 

0.0 per cent 
mustard 

:55.0 

00 ! 

1 

4 

i 

r>5 

455 

.50.0 

C.K. 

foot 

Water 

550.8 

5555 1 

5 

82 

01 

08.2 

0.<) per cent 
mustard 

550.8 

550 

5 

i 

114 

92 

100.0 

.J.D. 

foot 

Water 

550.9 

551 

1 

i 108 

.82 

00.0 

0.0 per cent 
mustard 

r/.i.o 

551 

7 

152 

i I 

128 

1550.7 


mustard baths have been detennined by comparing the rates of blood 
flow into the hand or foot, immersed in mustard baths, with rates found 
on the same day during control periods immediately preceding the mus- 
taid baths. Duiing the control periods the hand.s or feet of the subjects 
were immersed in ivater maintained at a temperature similar to that of 
the mustard bath. 
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In Table II are reported results of three exiierimeuts made on hands 
and seven experiments on feet showing the comparative effects of water 
and mustard baths upon the rate of blood flow in these extremities at 
temperatures between 35° G. and 40° C. In the preparation of the 
mustard baths, enough mustard was Aveighed out to give a final concen- 
tration of 0.6 per cent mustard. This Avas stirred Avell into a small a'oI- 
ume of Avater for about tAim minutes and Aims then added to the total 
volume of Avater to be used in the batli. In all experiments the same 
volume of the hand or foot Avas inserted into the iilethysmograph in tlie 
Avater bath as in the mustard bath periods. At the end of the Avater 
bath period the Avater Avas AvithdraAvn from the plethysmograph and 
replaced by the mustard solution. Eesults are presented in Table II for 
rates of blood floAv, as increases in A’olumes of tlie hand or foot, cal- 
culated in cubic centimeters per minute, for the total volume of the hand 
or foot inserted into tlie plethy. sinograph. Throughout the periods dur- 
ing Avhich determinations of rates of blood flow A\'ere made, the tempera- 
tures of the fluids Avithin the plethysmograph Avere maintained constant 
within ±0.4° C. 

In all experiments, immersion of the hand or foot in a mustard bath 
produced an increase in the rate of floAv of blood into these extremities 
above the levels found for the Avater baths under like experimental con- 

Table III 


COMrAKATlVE EFFECTS OF WATER BaTIIS AXD JklpSTARD BATHS AT VARYIKG 
TEMPER.\TURES Ul’OX THE PERIPHERAL BLOOD PLOW IX EITHER 
THE Hand or the Poot 


SUBJECT AND 

PART IMJIERSED 

IN BATH 

BATH 

AVERAGE 

TEMPERA- 

TURE 

°G. 

TIME IN 

MINUTES 

NUMBER OF 

DETERMINA- 

TIONS 

AVERAGE RATE OF 

J BLOOD FLOW C.C. 

PER MINUTE PER 
100 C.C. EXTREMITY 

C. K. 

Water 


44 

5 

2.0 

±0.30 




46 

7 

3.7 

±0.65 

Hand 



29 

6 

S.O 

±1.93 



H9.7 

39 

4 

15.5 

±0.02 



44.S 

27 

4 

17.1 

±1.15 


Controls in 

25.0 

17 

3 

2.2 

±0.00 


■water 

29.0 

20 

4 

2.0 



i 0.(5 per cent 

25.2 

32 

4 

1.9 

±0.35 


mustard 

:io .2 

34 

4 

9.3 

±0.97 



.^5.1 

34 

4 

12.0 

±0.67 



40.0 

23 

4 

14.5 

±1.97 

C. K. 

Water 

25.3 

31 

4 

0.9 

■BSOi 



30.2 

40 

4 

1.3 

±0.27 

Poot 


,34.9 

49 

5 

3.5 




39.8 

34 

5 

7.9 




44.8 

22 

5 

14.8 



Controls in 


10 

3 


±0.13 


water 

29.9 

1 

24 

O 1 

1 

1.1 

±0.10 


0.0 per cent 

25.1 

25 

4 

0.9 



mustard 


34 

4 

1.6 

±0.17 




20 

4 

4.1 




1 40.0 

25 

4 

13.2 

±0.80 
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dilioiis. The :\vera«:c vales of blood flow into the liand, wlien immer.sod 
in mnsfavd, were from 48 1o 125 ])ei‘ rent (avei-a«e 74 po)‘ cent) greater 
than when immersed in water. In the seven experiments on the foot, tlie 
rates of blood flow were from 31 to 146 per eent (average 51 per cent) 
greater with innstard baths than with water baths. 

Compai-ative effeets of exposing the surface of tlie .skin to tempera- 
tures below and al)ove the avei-age skin surface temperature upon the 




rate of blood flow in the liand and in tlie fool, liave licen observed in two 
series of experiments of wliieh the results ai'e reported in Table III. 
lemperatures of the baths in the jilcthysmogi'ajflis between 33 and 
35 C. were ioiind to aptiroxiinate closely the subjects' e.stimates of their 
skin temporal ui-es. 'When the temperatures of the baths were main- 
tained within this range, the subjects noted no differences between the 
temperatiu’e of the bath and the temperature of their .skins. 
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Determinations of rates of blood flow were begun only after the ex- 
tremity had been adjusted to the temperature after immersion for from 
10 to 15 minutes. The comparative experiments with water and witii 
mustard baths were carried out on different days. However, on the days 
of tlie experiments with mustard, control periods preceded the use of 
the mustard baths. In these control periods, either the hand or the foot 
was immersed in water at 25° C. and 30° C. Kesults obtamed during 



these control periods confirm the findings for the water baths at tliese 


temperatures noted on the days of the water bath experiments. 

Cooling the surface of the skin of tlie liand b.y immersing it in water 
at 30° C. decreased the average rate of blood flow to 43 per cent, and 


cooling it in water at 25° 


OQ 




Elevating tlie temperature of the water batli to 40° C. increases the 
rate of flow of blood into the liand by SO per cent. At a temperature of 
25° C. tliere was noted no .sigiiificant difference lietween tlie effects of 
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llie water batli and the effects of the mustard hath upon the rate of 
peripheral hlood flow into the hand, hut at 30^ 0. the average rate of 
blood flow into the foot is 3.5 times the average rate in tlie mustard hatli 
as compared with tiie water hath at .30^ C. on the same day, and 2.-5 
times that of the day of the water hath experiments. At <35° C. the 
difference between the effects of tlic mustard l)ath and the water hatii 
were le.ss marked. At tliis temperature the average rate of blood flow in 
the hand immersed in the mu.stard hath is 46 per cent greater than the 
average rate in tlie water hath. At 40° C. tlie difference between the 
avei’age rates for tlie mustard hath and the water hath are within tlie 
limits of experimental error of the method. Fig. 2 summarizes these 
data as curves showing changes in rates of hlood flow in the hand im- 
mersed eitlier in a water hath or in a mustard bath at ternpei-atures 
vaijing from 25° C. to 40° C. for the mustard hath and from 25° C, 
to 45° C. for the water hath. 

Similar re.sponses in the peripheral hlood flow to changes in the tem- 
perature of the baths were noted in experiments on the foot. Cooling 
the surface of the .skin of the foot by immersing the foot in baths at 
25° C. depre.sses the rate of hlood flow into the foot to 25 per cent of the 
average rate for the water bath at 35° C. At 30° C, and 35° C, in these 
experiments, the mustard hath did not significantly increase the rate of 
hlood flow above the average levels for the -water hath. Ho-wever, when 
the foot was immensed in the mirstard hath at 40° C., the average rate 
of peripheral hlood flow into the foot was 67 per cent greater than the 
average rate for the water hath at the .same temperatui’o. 

Results of these comparative experiments with water baths and mu.s- 
tard baths on the foot are pre.sentcd in the curves of Figure 3. Sig- 
nificant differences between the effects of the water hath and mu.stard 
hath appear only at a temperature of 40° C. In the mu.stai-d hath at this 
temperature, the I’ates of flow of hlood into the fool are approximately 
equivalent to the rates determined in the water hath at 45° C. 


.SUMMARY 


1. Mustard baths*' containing 0.6 per cent mustard have accelerated 
the rate of peripheral hlood flow into both hands and feet above the levels 
found for water baths at similar temperatures, between approximately 
35° C. and 40° C. In three experiments on the hand the average in- 
crease found for the mustard baths above the levels of the water baths 
was 74 per cent. In seven experiments on the foot, the average increase 
found for the mustard baths above the levels for the water hatlrs was 
51 per cent. 

2. Cooling the surface of the skin of either the hands or the feet, by 
immci's ion in water at 30 to 25° C., depresses the I'ates of i)eripheral 

thanldn;- tlic nmnufacturorff of 

K for fcupplying tlie Jo' muj<tarfl used in thrj.-'o expc-rlinonts. 
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blood flow to levels of 40 to 25 per cent of the average levels at the aver- 
age normal temperature of the sldii. 

3. Ill comparative experiments at 25° C. on one subject there was 
noted no significant difference between the effects of mustard baths and 
water baths upon the rates of peripheral blood flow in the hands. How- 
ever, adding mustard to the water at 30° C. markedly increased (150 
per cent) the rate of peripheral blood flow in the hand above the level 
for tlie water bath. At 35° C. a smaller difference was noted (46 per 
cent), and at 40° C. no significant difference was found betiveen the 
effects. 

4. At temperatures of 25 and 30° C. the mustard batli did not affect 
the rate of peripheral blood flow in the foot more tlian the water bath. 
At temperatures between 35 and 40° C., the mustard batli did increase 
the rate of blood flow from 17 to 69 per cent above the average rates for 
water baths at these temperatures. 
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THE EEECTROCAKDIOCRAPHIC CITANfiE.S FOUND IN 
CASES OF CARBON MONOXIDE (ILIAJMINATINC 
(;as) poisoning<= 


22 


AViluam If. Stearks, JI.D., Cecie K. Dhi.vkek, :\I.D., Axn 
Thomas J. Smai;ohxe,ssv 
B o.s'J'ox, AIass. 


I N A PREVIOUS iiivesligalioii Sliillito, Drinker, and Shaughncssy’ 
(1936) described certain nenrolojjic sequelae in carbon monoxide 
poisoninj?. Tbe oilier frreat field U])on which attention lias been toeused 
in this condition is tliat of the cardiovascular system. There have been 
a number of electrocardiojiraiihie studies on extierimentally asphyxiated 
animals, but only in a sin'>;le instance have tbe electrocardiographic find- 
ings in poisoned patients been reported. Therefore, it seemed worth 
while to .study a series of such cases by means of the electrocardiograph. 
The twenty-two eases upon which this paper is based aix* typical of 
those admitted to a city hospital. 

All of the patients were admitted directly to the emergency ward uji- 
on their arrival at the hospital. However, before being removed from 
the scene of their a.sphyxiation, they had been treated with 7 per cent 
carbon dioxide and 93 per cent oxygen inhalations for vaiying lengths 
of time. Thus, when these patients were first seen by the clinicians, tliey 
were no longer in a slate of asjihyxiation, lai-ge expeifence having demon- 
strated that only innocuous amounts of carbon monoxide remain in the 
blood after the routine inhalation treatment given either by the gas 
company or police emeigency squad. The jdiysiologic abnormalities 
which may be jn-esent in such patients upon admission to the hospital, 
and thereafter, should be regarded as the sequelae of anoxemia rather 
than as symptoms of I'csidual anoxemia. AVe had hoi)ed to be able to 
obtain some electrocardiograms upon profoundly as])hyxiated patients 
(i.e., before they had received any cai’bon dioxide and oxygen inhala- 
tions), but because of practical difficulties this attempt had to be aban- 
doned. Therefoi'e the electrocardiograms in this series represent the 
cai'diac .status following, i-athcj' than during, the period of anoxemia. 

Table I summarizes tlie relevant facts concerning the.se cases. It 
.should be understood that in calculating the duration of uneonsciou.s- 
ne.ss, no attemjjt has been made to e.stimale how long the i)afients were 
unconscious preceding discovery. Also, tlie time is consei’vative from 
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the standpoint of recovery of consciousness, as many patients later liad no 
recollection of experiences occurring at a lime ■when tliey had been re- 
garded as conscious. 

In Table II are listed the changes found in each electrocardiogram, 
the time after admission at which it was taken, and the patient's blood 
pressure at that time. Only positive findings are recorded. 

It was i)ossible to locate only seven of the surviving twenty patients 
for a follow-up after they had left the hospital. The. electrocardiographic 
findings thus obtained are incorporated in Table II. 

Inasmuch as the clinical course of lids group of cases was ralhcr 
stereotyped, we are presenting brief hisloi'ies of only three typical cases. 

G.\st; .1. — Tlio patient was a fiffy-four-year-ol<l wliito Tiiale who wa.s found iineon- 
.sciou.'J in a gas-filled room. He received inhalations for forty minutes and wa.s said to 
have been conscious at the end of the treatment. On admi.ssion he was confused and 
disoriented, and ajipcJn’ed markedly dehydrated. Later the history was obtained that 
he had been on a four-day drinking bout. 

The admission temperature was 101.8° F., pulse 110, blood pressure 1.80 .systolic, 
90 diastolic. The lungs were clear except for occasional wheezes. The heart was 
not enlarged. The sounds were of poor quality and the rhythm was regular. There 
were no signs of cardiac failure. Peripheral arteries were moderately thickened. 

An electroeardiogi-am taken two and one-half hours after admission showed a 
regnilar rhythm, with a rate of 100 per minute. Noteworthy changes were rather 
loAv P-waves in all leads, a flat T-wave in Lead I and an upright T-wave in Lead IV.* 

For the flrst two days after admission the patient was confused and drow.sy but 
was mentally clear thereafter. During this time and for several more days ho ran 
a low-grade fever, the result of a mild bronchitis. An electrocardiogram taken on 
the second hospital day showed more normal P-waves. The T-waves were as on the 
preceding day. An electrocardiogram on the third day again showed rather low 
P-wave.s, as on the flrst day, A fourth electrocardiogram, taken on the tenth day, 
.showed flat P-waves in Lead II, inverted P-waves in Lead III. In the first lead T- 
waves were inverted, and in the second lead were very low with a .flight late rise. 
Tj was again ui)right. 

The patient went home on the fourteenth day. free from complaints. It was 
impossible to locate him later for further .«tudy. 

Ca.sb 7. — The patient was a sixty-five-ycar-old white male chronic alcoholic. 
When found, apiJroximately one hour before admission to the hosiiital, he was l.ying 
completely unconscious in a gas-filled room with one unlighted .^itove burner blowing 
gas. The breathing was reported as slow and gasping, the lips blue, and the body 
cold. Artificial respiration was applied for eight minutes before the arrival of the 
Emergency Squad, at which time 7 per cent oxygen and 9.3 per cent carbon dioxide 
inh.alations were started. After thirty minutes the condition of the patient was im- 
proved sufficiently for him to be removed by ambulance to the ho.spital, inhalations 
being continued there for fifteen minutes. 

On admission the patient n-as somewhat irrational. Tlie temperature was 96° F., 
the pulse 124, and the blood pressure 120 systolic and SO diastolic. There were a 
few bronchial wheezes throughout the chest. Tlie heart was not enlarged. The 

‘Lead the chest load, was taken in .all the cases of the present series with 
exploring’ electrode at the cardiac apex, indifferent electrode on the left leg. and 
polarity so arranged that electrical negativity is represented by upward deflections 
and positivity by downward deflections. 



Table 


CASE 

NO, 

DATE 

OF 

admis- I 

AGE 

SKX 

i 

AI,CO- 

IIOL 

CONDITION 

■WHEN 

FOUND 

ARTIFICIAL 

RESF. 

COj-Oj 

inii'ala- 

TION 


SION 


i 


i 



1 

1/17/37 

W 

M 

Yes 

Unconscious 

20 min. 

1 lir. 

1,5 min. 

n 

1/18/37 

23 

U 

No 

Unconscious 

None 

1 lir. 

.8 rain. 

o 

1/25/37 

54? 

M 

Yes 

Unconscious 

None 

40 min. 

4 

1/20/37 

057 

U 

Yes 

Unconscious 

None 

2 hr. 


5 

2/ 2/37 

,38 


Yes 

Unconscious 

None 

1 hr, 

15 min. 

0 

2/17/37 

45 

yi 

No 

Unconscious 

10 rain. 

40 min. 

7 

2/21/27 

05 


Yes 

Unconscious 

8 min. 

47 min. 

8 

2/21/37 

08 


Yes 

Unconscious 

8 rain. 

47 min. 

i) 

2/20/37 

75 


No 

Unconscious 

None 

,38 min. 

10 

2/27/37 

70 

ll 

No 

Unconscious 

12 min. 

43 min. 

11 

.3/ 1/37 

52 

:\i 

No 

Unconscious 

None 

1 hr, 

.5 min. 

12 

3/ .3/37 

59 

M 

Yes 

Uncon.“cious 

0 rain. 

1 hr. 

18 min. 

13 

3/ 3/37 

82 


No 

Semiconscious 

None 

,30 min. 

14 

3/ 8/37 

73 


No 

Unconscious 

None 

33 min. 

15 

3/21/37 

79 

F 

No 

Unconscious 

25 min. 

40 min. 

10 

3/30/37 

72 

M 

Yes 

Unconscious 

20 min. 

GO min. 

17 

3/30/37 

40 


No 

Unconscious 

None 

3.5 min. 

18 

3/31/37 

40 

M 

Yes 

Uncon.seioUE 

24 min. 

2 hr. 
27 min. 

10 

4/ 9/37 

50 

F 

No 

Uncon.scious 

10 min. 

IS min. 

20 

4/10/37 

54 

M 

Yes 

Uncon.scious 

None 

45 rain. 

21 

4/21/37 

57 


No 

Unconscious 

10 min. 

1 hr. 

22 

4/22/37 

25 

M 

No 

Unconscious 

None 

40 min. 


COKDmON 

ox 

AlJillSSIOX 

.Semicomatose, re- 
fiponding to pain 
Comatose 

Confused and disori- 
ented 
Comatose 


(Comatose 

Stuporous 


Irrational 


Irrational 

Semicomatose 

Stuporous 

Semicomatose 

Semicomatose 


Conscious negativis- 
tic 

Conscious 

Stuporous 

Stuporous 

Dull and drowsy 
Comatose 

Disoriented 


Drowsy and con- 
fus.ed 
Drowsy 
Stux>orous 






ox xVDMISSlOX 


I 


PROBABIiE 
DUKATIOX OF 
TJXCOXSCIOUS- 
XESS 


TEMP. 
(“ F.) 


PUESE 


BLOOD 

PRESSURE 


DEGREE 

OF 

HEART EKAAtlXATIOX ARTERtO- 

SCLE- 

ROSIS 


RESULT 


2 Iir. 

98.0 

100 

130/80 

I^ormal. 

0 

Home on 3rd day. 

12+ hr. 

102.S 

136 

140/90 

oSTormal. 

0 

Home after 7 days. 

40 min. 

lOl.S 

no 

130/90 

ISTormal in size. Sounds 
distant. 

+ + 

Home on 14th day. 

45 hr. 

(Died with- 
out regaining 

97.0 

90 

110/60 

Normal in size. Sounds 
distant and of poor 
quality. 

+ + + 

Died on 3rd day. 

conscious- 

ness') 

n hr. 

98.0 

]32 

90/{i5 

Normal 

0 

Home on 4tli day. 

1+ hr. 

94.0 

90 

150/90 

Normal in size. Auricu- 
lar fibrillation. Sounds 
of poor quality. No 
murmurs. 

■f 

Home after 2 wk. 
in custody of 
brotlier. (In- 
competent to 
take care of 
himself.) 

1+ hr. 

9G.0 

124 

120/80 

Normal in size. Sounds 
of fair quality. S, hol- 
low. Short systolic 

blow at apex. 

+ + 

Home on 2nd day. 

1+ hr. 

95.4 

116 

105/60 

Normal in size. Sounds 
distant. No murmurs. 

+ + + 

Home on 2nd day. 

1+ hr. 

98.2 

128 

100/60 

Normal in size. Sounds 
of fair quality. No 
murmurs. 

•h + "f 

Home on 2nd day. 

3+ hr. 

95.0 

128 

160/95 

Normal in size. Sounds 
of poor quality. No 
murmurs. 

+++ 

Died suddenly on 
6th day. 

5 hr. 

96.4 

120 

110/70 

Normal. 

0 

Home on 2nd day. 

li hr. 

9G.0 

no 

108/76 

Normal in size. Sounds 
of fair quality. Lo- 
calized systolic blow at 
apex. 

+ + 

Home on 8th day. 

30 min. 
(Semicon- 

98.4 

108 

120/80 

Sounds of poor quality. 
No murmurs. 

+ +++ 

Home on 3rd day. 

scious) 

40 min. 

95.4 

120 

132/66 

Sounds loud and ringing. 
Systolic blow at apex. 
Size? (emphysema) 

’f + 4“ -f 

Horae on 2nd da}’. 

1 lir. 

96.0 

76 

170/64 

Sounds loud, of poor 
quality. Short, rough 
systolic murmur at 
apex. 

+++ 

Home on 4th day. 

14 hr. 

97.0 

86 

110/50 

Normal in size. Sounds 
loud. Systolic blow at 
ai)ex. 

X 4. 4. 

Observation in 
psychopathic di- 
vision. 

50 min. 

97.8 

128 

130/100 

Normal. 

0 

Home on 5th day. 

11 lir. 

95.0 

114 

100/60 

Normal in size. Sounds 
of fair quality. No 
murmurs. 

X 

Horae on 3rd day. 

40 min. 

95.0 

116 

140/70 

Enlarged to left, 15 cm. 
in sixth intercostal 
space. Sounds of fair 
quality. No murmurs. 

++ + 

Home on 2nd day, 

45 min. 

96.0 

120 

90/60 

Normal. 

+ 

Home on 3rd day. 

2 hr. 

98.0 

58 

128/80 

Normal. 

^ X X 

Home on same dav. 

1 lir. 

97.6 

114 

88/65 

Normal. 

0 

Home on Sth dav. 

15 min. 
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./w7/.i7 -f-t hr. l-iO/90 7-1 Ifcijuhir As on first Normal Normal Normal T, low, slightly np- 

‘liiy right, shallow. 

if •V.>7 10 ilays I.IO/SO OO Regular P. flat, P, in- Normal Normal Normal T, inverted, very 

verted low witli late 

slight rise, T, up- 



Table II — Cont'b 



.-)/2;V37 32 Jaya 150/75 75 Regular Normal Normal Voltage normal Normal T, shal low. 

t) 2/20/37 20 min. 100/00 130 APG Normal S-T, somowliat Tj rallicr low. 

convex 

2/20/37 13 hr. 110/05 110 Kogular Normal Normal Normal Normal Normal 

5/ 3/3>7 00 clays 100/90 9-1 Regular Normal Normal Normal Normal T, invcrtccl. 
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I.oail T = +4 with high 

Load IT = +ii, -1 origin. 

T,«u\ ITT = -'2 

;/,lsV;S7 42 (lays ISO/OO 70 Itognlar Normal Normal Improvoil volt- Normal Normal 

ago. 

T.oad T = -f-T 
i.omi rr = +;i. -2 
Loail 111 = -a 



;/2l/37 15 min, 170/04 72 Disturbance of Occasionally Varies from Slurred in Leads Very low ori- T„ and T 3 inverted. 

auricular blocked. 0.2 to 0.45 II and III. gin of S-T^. 

rhythm with Sometimes sec. 

variation in inverted, up- 

site of pace-' right, or iso- 
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4/27/.'>7 5 (liivs 100/tio i55 Siuuii arrliylU- Noniial 0.10 foc. Normal Normal T, slightlv higher; 

mia ■ ^ T, shallow. 

•1/20/37 7 (lays 100/70 ilO Sinus arrhyfh* Normal Normal Normal Normal Normal 
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heart sounds were of poor quality. The rate was rapid and apparently regular. 
The liver was not enlarged; there were no rales at the lung bases and no peripheral 
edema. The peripheral vessels were moderately sclerotic. 

An electrocardiogram was taken thirtj' minutes after the patient was admitted 
and showed auricular fibrillation with a heart rate of 155 per minute, depressed S-T 
segments in Leads I, II, and III, and an elevated S-T segment in Lead IV. The 
T-wave in Lead 11’’ was upright. 

Within three hours after admission the patient became less noisy and talked 
coherenth’. He left the hospital against advice early the next morning. 

This patient was followed up one month later. At that time he denied noticing 
any ill effects, from the gas poisoning. On examination his chest was, clear, and the 
heart sounds were of better quality. His blood pressure was IGO systolic, S5 
diastolic. An electrocardiogram taken at this time was essentially normal, the rhythm 
being regular at 75 per minute and the changes in the >S-T segments and T-waves 
noted in the previous electrocardiogram being absent. 

Case 4. — This patient, an elderly wliite male, was found unconscious in his room 
which was filled with gas escaping from a leaking fixture. After being treated with 
carbon dioxide and oxygen inhalations for two hours he was brought to the hospital, 
still unconscious. 

On admission the patient was in profound coma, with deep stertorous respira- 
tion, slight cyanosis of the lips, and cold extremities. Tlie temperature was 97° F., 
the pulse 96, and the blood pressure 110 systolic and 60 diastolic, Tlie lungs were 
clear except for a few wheezes. On percussion the heart was apparently normal in 
.size. The sounds were distant and regular except for occasional extrasystoles. The 
liver was not enlarged, and there was no edema. Peripheral arteries were very 
sclerotic.. Tendon refle.xes were hj'peractive, but there were no abnormal responses. 

An electrocardiogram taken thirty minutes after admission showed ventricular 
premature contractions (left), witli right axis deviation. The rate was 8S per min- 
ute. The QES complexes showed a tendency to low voltage. T-wave changes were 
rather low Tj and shallow T^. 

The next day the patient was still in coma. The temperature was 103.8° F., the 
respiration 48, and the blood pressure 134 systolic and 70 diastolic. Heart sounds 
w'ere louder than on admission but of poor quality. There were many moist rales, at 
both lung bases. The liver was not enlarged, and there was no edema. The white 
blood count at this time was 21,000, with 91 per cent polymorphonuclear leucocytes. 

A second electrocardiogram was taken twenty-seven hours after admission. The 
rhythm had become regular, but the rate had increased to 130 per minute. The QES 
complexes were of low voltage, as in the first electrocardiogram. No new changes 
had appeared. 

'••/The patient’s temperature continued to rise and the moist rales at the lung bases 
increased. He died forty-two hours after admission without regaining consciousness. 
No 'autopsy was performed. 


RESULTS 

In our series of twentr-two cases of carbon monoxide asphyxia, the 
most common eleetrocardiograiihic deviation is an abnormality in tlie 
T-tvaves or in the level of the S-T segment, there being IS such cases 
(Cases 1, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 17, IS, 19, 20, and 22). 
Four cases (Cases 7, S, 12, and 14) showed paroxysmal auricular fibrilla- 
tion, and one (Case 2) showed transitory intraventricular block. Two 
(Cases 4 and 16) showed ventricular iirematurc contractions, and one 
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(Case 9) axirieiilar prenuiliire contraef-ions, Cow voltage on llio initial 
electrocardiogram, later improving or returning to normal, was present 
in five cases (Cases 4, 8, 13, 14, and 17). Variations in the P-waves oc- 
eui'red in two (Cases 3 and 10). 



Fig. 1. — A, Ijcad I from Ca.sc 2 on .'wlmi.sKlon to the liosplt.al, .showing low diphasic T- 
wavo.s. Eoad I from Case 2, five days later, nonnal. 
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Fi;?. 2. — A , Lead I from Ca.«e 7 
nbrIIIation and depre.s.sed T-wavop. 
normal. 


on .admission to the ho.spital. showing auricular 
XT, I from Case 7, thirty-two days later. 


We feel that the above changes, having been transitorj’’, may be 
ascribed directly to the carbon monoxide asphyxia, except when coronary 
disea.se may have paved the way in some cases. However, the importance 
that can be attached to the poisoning in several other eases is lt*.ss clear- 
cut. In Case 1.5 there was a marked disturbance of auricular rhythm. 
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with variation in the site of tlie pacemaker. This had decreased three 
days after admission when the last electrocardiogram was taken and when 
the patient was lost for further study, but, lacking a follow-up, the 
most that can be said is that the asphyxia probably aggravated a condi- 
tion already present in a scventy-nine-year-old woman who had arterio- 
sclerosis and hypertension. 

In regard to Case 6, doubt again exists as to the role played by the 
asphyxiation. This forty-five-year-old man gave no history of any symp- 
toms suggestive of i^reexisting heart disease, and examination yielded 
no clue as to an etiology for such disease. Yet, upon his admission to the 
hospital, auricular fibrillation was found to be present. Electrocardio- 
grams taken through the twelfth daj’ of his two-week stay in the hos- 
pital all showed auricular fibrillation and intraventricular block. The 
evidence is far. from conclusive that the changes found in this patient 
were solely the result of his carbon monoxide poisoning. It is more 
probable that he had preexisting auricular fibrillation and intraven- 
tricular block on a basis of coronary disease. 

In Case 13 no definite conclusions can be drawn as to the etiology of 
the intraventricular block which was present, this patient being 82 
years of ago, markedl}* arteriosclerotic, and providing no follow-up after 
the second day. It is quite possible that coronary disease and gas ])oison- 
ing each played a role. 

DISCUSSION 

We have found one report of a patient overcome by carbon monoxide 
who was followed Avith frequent electrocardiograms (Colvin,^ 1927). 
A young man seriously poisoned by gasoline exhaust Avas completely 
comatose on admission to the hospital and Avas given inhalation treat- 
ment. Approximately seven hours after admission the patient could be 
roused, but he Avas mentally dull for three days. An electrocardiogram 
taken tAventy-four hours after the poisoning occurred shoAved intra- 
Amntricular block; a second electrocardiogram taken three days after the 
poisoning shoAA'ed im]irovement but still indicated impaired conduction 
in the ventricles. By the sixteenth day all abnormal changes had dis- 
appeared, and the xiatient Avas considered iierfeetly sound. 

As noted already our findings are limited to the period of recovery 
from the marked anoxemia after emergency oxygen and carbon dioxide 
treatment. Hoav much more extensiA*e and uniform the electrocardio- 
graphic changes might haA-e been at the height of the poisoning, Ave have 
no knoAAdedge ; it seems likely that they AA'ould have been greater than at 
the stage of our examination. So far as they go, our results, AA^iile 
indicating that intraventricular block may result from carbon monoxide 
poisoning, suggest that such is not the usual finding. Case 2 is the only 
one AAdiich can be said to shoAv this tyqie of conduction disturbance as an 
aftermath of asiihyxia. Furthermore, this x^atient, aa4io Avas uncon- 
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scious for over tAvelve hours, showed only the merest trace of nitra- 
ventricular block twenty-seven hours after admission. Fiv^e days after 
admission his eleetroeardiogram was essentially normal. Wlielher or not 
the fact tliat the patient reported by Colvin was overcome by gasoline 
exhau-st, whereas our patient was overcome by illuminating gas, accounts 
for the much more prolonged conduction di.sturbance in the former case 
is problematical. 

In general our results tend to agi’ce witli those obtained by Haggard^ 
(1921) in his work with dogs. Gassing dogs to death rapidly (twenty-five 
to forty minutes) with a high concentration of gas, and more slowly 
(tive to seven hours), using lower concentration of carbon monoxide, 
and taking electrocardiograms at intervals, he found that “no evidence 
of impairment of cardiac conduction developed until re.s'piration had 
failed.” When an extreme degree of asxihj'xia was present, the most 
eharacteri.stic change was heart-block. As pointed out earlier, none of 
our patients was seen at the stage of .such profound asphyxia. How- 
ever, Haggard gassed three dogs to the stage at which artificial respii-a- 
tion was necessary to bring about their recovery. Electroeardiogi’ams 
for the first four hours .showed tachycardia with T-waves in the direction 
opposite to normal. Electrocardiograms taken after twenty-four hours 
showed normal rate and T-waves, Similarly, two out of three animals 
gassed into the stage of complete re.spiratory failure, inth the develop- 
ment of partial heart-block as shown by electrocardiogram, were revived 
with 8 to 10 per cent carbon dioxide in o.xygen inhalations, A few 
minutes after the cessation of the inhalation treatment all evidence of 
impaired conduction had disappeared. Although the preceding experi- 
ments were canned out using a mixture of pure carbon monoxide and 
air. Haggard found that the results Avere essentially the same Avhen an 
illuminating gas and air mixture was used. 

The changes in the T-waves and in the S-T segments which some 
of our eases demonstrated are somewhat similar to those reported by 
Katz, Hamburger, and Sehutz’ (1934) in experimentally produced 
generalized anoxemia. Their subjects rebreathed air from Avhieh the 
carbon dioxide was removed, and electrocardiog7-ams Avere taken at stages 
of extreme oxygen deprivation. The “most consistent changes in the 
electrocardiogram Avere a flattening of the T-Avave in one or more leads, 
in some instances followed by its inA'er.sion. ... In pi-actically every in- 
stance, the leA'cl of the S-T segment tended to be shifted doAvmAV'ard 
during anoxemia,” the maximum elTecl being observed Avlieri the oxygem 
content Avas loAve.st, and the changes tending to disappear rapidly upon 
re.sumption of breathing room air. 


COXCEE.SIOX.S 

1, Carbon nmnoxide as^phyxia, CA’en though scA'ere enough to cause 
death, may produce no important electrocardiographic changes. 
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2. Changes in the T-Avaves and in the S-T segments occur most fre- 
quently. 

3. Paroxysmal auricular fibrillation may occur, as a rule in patients 
Avithin the age group in AA’hich any physiologic insult or trauma may 
cause this condition. 

4. One case of transitory intraAmntricular block is present in the series. 

5. No cases of auriculoA’entricular block definitely attributable to 
carbon monoxide poisoning AA'ere found, although one case is reported in 
AA^iich a marked disturbance of auricular rhythm AA'ith partial auriculo- 
Amntricular liloek aa^s apparently aggraAmted by the asjjhyxia. 
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TIIE BLOOD PBESSURE AND THE SIZE OF A CARDIAC 

INFARCT^’ 

Ja^tkt Tkavkw^, M.D., IlAKiiy Cold, ]\I.D., axd Wai/i’kk I^TodeUj, M.D. 

New York, N. Y. 

D uring the course of studies o?i the action of certain drugs in cardiac 
infarction in the cat,^- there occurred an opportunity to make ob- 
servations on the level of the systemic blood pressure three weeks after 
ligation of a coronary arlerj" and on the relation of the blood pressure 
to the size of an infarct, the area of which was accurately measured. 
So far as we Imow, this subject has received little attention in survival 
experiments after production of a cardiac infarct. Several of the more 
important .studies are li.sted."’' 

The blood pressure was determined in 27 cats three weeks after liga- 
tion of a large coronarj'- artery (the left circumflex at its origin in all 
instances but one) ; in 12 control animals three weeks after the main 
branches of the left coronary artery had been similarly exposed but not 
ligated; and as further control, in a group of nine normal (unoperated 
upon) animals. At this time, when examined by the “blind te.st,” the 
control animals were as a rule indi.stinguishable from those in which in- 
farction was present. Mean blood pressure was recorded by a mercury 
manometer, by means of a cannula inserted in the carotid artery under 
local anesthesia. Several readings were taken when the animal was 
quiet, and the average of these was calculated. This average will be 
referred to as the mean blood pre.s.sure. 

Approximately one-half the animals Avith infarction were treated with 
aminophylline during the three weeks after operation, but, since the be- 
IiaAuor of the blood pressure in this group was essentially the same as in 
that not treated with this drug, all the animals with infarction ai’c 
presented in this study as a single group. Details of the treatment by 
aminophylline, the operative techniques, and the measurement of the 
infarct by means of the planimeter have been de.scribed,^ and the blood 
pressure figures in the individual experiments arc included in another 
report.^ 

The results are .summarized in Table I. The aA^erage mean blood 
pressure was essentially the same for all gi-oups of animals: after cardiac 
infarction 1,50 mm., after the control operation 155 mm., and in the un- 
operated controls 152 mm., the aA'crage for all controls being 154 mm. 
The range in mean blood prc-ssure for the indiAudual experiments Avas 
also sim ilar in the control (120 to 185 mm.), and in the infarcted (120 

•From the Bepartmont of Pharmacologj-, Comoll TJnlvorfilty Moaicat College. 
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to 183 mm.) groiiiis. Under the conditions of these experiments, there- 
fore, tlie level of the lilood pressure was normal three weeks after acute 
infarction. 

The data were analyzed to ascertain whether an animal with a large 
infarct was more likely to have a low blood pressure than one with a 
small infarct. Plotting mean blood pres.sure against infarct size failed 
to reveal a correlation between these two variables (Fig. 1). Further- 
more, it was found (Table I) that when the animals ha\ing the small- 

Table I 


Analysis of the Blood Prf.ssure in Eelation to Infarct Size 


GROUP 

NUilBER 

OF 

animals 

! 

MEAN BLOOD 

PRESSURE 

MM. HG 

SIZE OF 

INFARCT 

SQ. CM. 

DIFFERENCE 

1 ABOVE OR BELOW 
MEAN PRESSURE 

OF CONTROLS 

PER CENT 

Control Animals 

21 

j 154 

none 

0.0 

Infareted Animals 

i 27 

1 150 

5.55 

-2.6 


1 Infareted Animals I 


Smallest infarcts 

13 1 

153 

3.60 

-0.6 

Largest infarcts 

14 

147 

7.36 

-4.5 

Smallest infarcts 


151 

2.92 

-1.3 

Largest infarcts 

5 ! 

144 

9.29 

-6.5 

Highest mean pressures 

13 

162 

5.10 

+5.2 

Lowest mean, pressures 

14 ! 

139 

5.96 

-9.7 

Highest mean pressures 

5 

172 

4.51 

+11.7 

Lowest mean pressures 

5 1 

129 

6.61 

-16.2 



Control Animals 


Highest mean pressures 

10 

167 

none 

+S.5 

Lowest mean pressures 

11 

141 

none 

-S.5 

Highest mean pressures 

5 

176 

none 

+14.3 

Lowest mean pressures 

5 

133 

none 

-13.6 


est infarcts and those liaAnug the largest infarcts were grouped sepa- 
rately, the avei’age mean pressure did not deviate more than 6.5 per cent 
from the normal in either ease, although the average infarct size in one 
group was more than three tunes as large as that in another. "When 
those groups having the highest and lowest pressures were examined 
separately, it was foiuid that those having the lowest pressures also 
had on the average somewhat the larger infarct. That this might be 
purely accidental, however, was suggested by the finding that these low 
pressures were not appreciably lower than those among a similar small 
number of normal animals, similarly selected. 

That the blood pressure was normal three weeks after coronary oc- 
clusion and that this was so in the case of both very large and very small 
infarcts were unexpected results. They are in contrast to those wliich 
prevail in clinical coronary thrombosis, as in a high proportion of these 
cases the blood pressure dees not return to its previous level.^ The 
reasons for these differences between the eat and the human are not 
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clear, but, in attempting to explain them, consideration should be given 
to possible differences in the reflex: compensatory mechanisms for main- 
taining blood pressure in the two species, to differences in the location 
of tlie°infarct, for the artery most frequently occluded in man is the 
anterior descending branch of the left coronary rather than the left 
circumflex, and to the fact that in the eat, except for the infarct, tJie 
lieart and blood vessels arc normal, whereas in man infarction is usu- 
ally associated with additional pathologic changes in the cardiovascular 
system. It is conceivable that the nature or extent of these latter changes 
may be partially disclosed by the behavior of the blood pressure after 
infarction, and some light, therefore, may lie thrown on^ prognosis, 
Levine and Brown" state that in coronary thrombosis it is their “general 
impre.ssion that the patients who have done the best were those who 



Fig. 1. — Mean bloorl jire.^.sure i.s plotted against infarct ,=ize. Note the wide scatter 
of the points, and lack of correlation between Uie two. 

showed a marked fall with only a slight increase in the blood pre.ssure,” 
The majority of clinical surveys on the course and prognosis of this dis- 
ease,® except in regard to its association with hypertension, pay scant 
attention to the significance of changes in the sy.stemic blood pre.s.sure 
subsequent to the acute attack. We have not determined the complete 
course of tlie blood pressure changes after infarction, inasmuch as the 
operation for experimental coronary occlusion introduces serious tech- 
nical difficulties. Our results, as far as they go, however, indicate that 
tlie fairly rapid restoration of the normal blood pre.ssure is likely to prove 
mi.sleading if used as a basis for an inference regarding the size of the 
infarct. They should seiwe to focus attention on the need for systematic 
correlations between the blood pressure curve, post-mortem findings and 
prognosis in clinical coronarj* thrombosis. 
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SUJDL^RY 

In the cat -with an otherwise normal circulation, the blood pressure 
is almost inrariably normal tliree weeks after the ligation of a large 
coronary artery (left circumflex). This applies to infarcts of widely 
different sizes, ranging from a relativeby small area involYing the upper 
third of the left ventricle posteriorly to a very large one including nearl.y 
all of the left yentricle posteriorly, together until adjacent strips of the 
right ventricle and interventricular septum. 
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THE CORONAEY VASOCONSTRICTOR ACTION OF FOREIGN 


SPECIES BLOOD"'! 


Louis N. Katz, M.D., W. AVeiks'TEIk, M.D., axo K. Jochim 

Chicago, Iuu. 

D uring the course of preliminary studies in developing a method 
for perfusion of the coronary arteries in the beating heart of the 
dog. tests were run using freshly defibrinated blood of the sheep, beef, 
and pig (obtained from the slaughter house through the courtesy of 
Dr. D. Klein, of Wilson Laboratories) as a perfusate. It was soon 
apparent that this foreign species blood was incompatible with the 
isolated beating heart when employed in the same manner as dog 
blood (Katz, Joehim, and Bohning^), and, after a number of attempts 
to make this fweign blood suitable, its use was discontinued. Evidence 
was obtained in the course of the.se experiments that the incompatibil- 
ity of the foreign species blood for our purpose was due largely to 
the persistence of a coronaiy va.soeonstrictor action. We consider this 
coronary vasoconstriction by foreign blood of sufficient importance to 
merit the jursenlalioii of onr finding.s. 


ICXPEfUMIJXTAr, UA'J’A 

We first tested the effect of the foreign sfjecies blood on the blood 
presMifc when injected repeatedly into normal dogs anesthetized with 
nembutal. During each injeetioii. an equal amount of the dog’s own 
blood was reinoved to keep the blood volume constant. 

For the first experiment the defibrinated beef blood was filtered six 
times through a fine meshed cloth in pi’eparation for injection into 
the animal. The first substitution of 100 c.c, of beef blood caused a 
profound drop in mean blood pressure aftei- a short lag, and it re- 
quired about 15 minutes for the blood pre.ssure to return to noj-mal. 
After two such substitution.s, a 50 c.c, substitution had practically no 
effect, but a 200 c.c. substitution, which was tried next, caused .so pro- 
found and sustained a pressure drop that the animal died. On post- 
mortem e.xamination marked pulmonary edema was found. 

In the second dog the first .suhstitution of 100 c.c. of blood also 
caused a delayed, profound and prolonged depressor effect, but this 
was preceded by a definite pre.ssor effect. This was the onlj^ experi- 
ment in the course of this work in which such a preliminary pre.ssor 
action was noted. Repetition of thi.s substitution, which was done 
twenty -nine times, resulted in a pi-ogre.ssive diminution and ultimate 

HolviiaL L,'iborator}-, of Ph.v.-5iology, XIichac-1 Keasc- 
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abolition of tlie depressor response without any apparent effect on the 
preliminary pressor response. This animal was ui good condition 
when killed one and one-half hours after the first beef blood substitution. 

In the third dog, segments of whose blood pressure curve are shown 
in Fig. 1, the filtered beef blood was passed through the lungs of a 
dead dog to see if this would abolish the depressor effect. It was 
found that the first substitution still caused a delayed, profound, and 
prolonged depressor effect. Repetition of this substitution carried out 
twenty-five times led to the diminution and ultimate abolition of this 
depressor effect. The dog was in good condition when killed three 
and one-half hours after the start of the fir.st substitution. A similar 
abolition of the depressor effect of beef blood was obtained in three 
other dogs. 

These experiments indicated that the injection of slaughter house 
blood into the living animal causes a depressor action to which the 



Pig-. 1. — Blood pressure curve from an anesthetized dog to show the typical effect 
of repeated substitutions of 100 c.c. of beef blood for an equal amount of the dog’s 
blood. The disappearance of the profound delayed depressor response seen in in- 
jections subsequent to the first is clearly visible. Discussed in text. 

dog can be made refractory. Since similar depressor responses did 
not occur when we used hemoglobin solutions of beef blood, prepared 
according to the technique of Amberson and his co-workers,- the de- 
pressor response must have been due to a foreigm element in the serum. 

Following this experience, we made it a routine practice to make the 
recipient dog refractoiy to this depressor action before establishing the 
isolated beating heart preparation. In principle we followed the method 
employed in desensitizing patients susceptible to horse serum. Usually 
we began with an intravenous injection of 5 c.c. of a 1 :5 dilution of 
beef blood in isotonic saline. Gradually increasing doses were given as 
the animal became more refractory until 5, 10, 50, and 100 c.c. of whole 
beef blood could be giren without causing a depressor response. Our 
earlier experience showed that this refractory state la.sted several hours 
— sufficient time in which to make and conduct experiments in the iso- 
lated heart preparation. 
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However, actual trial in tlie use of this toreijrn blood to perfuse 
the coronary circuit in the beating- heart according to the technique em- 
ployed previously with dog’s blood^ met with failure, even though the 
recipient dog had become refractory to the depressor action. When- 
ever used, the heart of the i.solated preparation after developing pre- 
mature systoles went into ventricular fibrillation, and this occurred at 
most within five minutes after the coronaiy arteries were eannulated, 
and often even before the cannulation was completed. In all in.stances 
except one, no measurable coronary flow could be obtained, although the 
coronary inflow pressure was anywhere between 100 and 150 mm. Hg. 
In the one in.stance, a flow of 60 c.e. per minute was obtained for a few 
minutes after the coronary cannulation was completed, but the flow soon 
stopped entii’ely. Axitopsies showed that in these animals the eoronarj' 
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Fig. 2. — Coronarj' blood flow changes produced Jn an isolalc/l fibrillatlng dog hf-art 
by substituting as a coronary perfusate beet blood, to the depres-sor action of which 
the dog had been made partiall 3 - refractory. Hiscus.sed in text. 


arterial and sinus eannulae were in place and not kinked and that the 
major superficial ftoronaiy arteries were patent. 

This experience suggested that the deleterious action of beef blood 
on the isolated dog heart was due to a vasocfmstrictor action of the beef 
blood on the coronarj' vessels. This conclusion was verified by actual 
test in an isolated fibrillating heart, the coronary vessels of which 
were perfused with beef blood aftei* the dog had been made refractory 
to the depressor action of the beef blood. The preparation was first 
established with dog’s blood as the perfusate in the manner previou.sly 
described by us.'" After the coronary flow had become .stabib'zed, the 
beef blood, prepared in exactly the .same way as the dog’s blood,® was 
■substitu ted as a perfusate, and after a few minutes again replaced 


‘The rjog'K bloo<3 used a« 
uC'gcribocL^ 


pf;rfiisate v,*aff obtained from several dog's as previously 
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■\vitli dog s blood. The results on coronary flow are sliown in Fig. 2. 
It will be seen that during tbe perfusion with beef blood a marked 
coronarj’' vasoconstriction appeared, and tbe coronarj* flow decreased 
to 9 per cent of its pre'vious level. Tliis marked decrease in flow was 
onk' slightly relieved vdien tbe preparation was reperfused witb dog’s 
blood, tbe flow remaining at a level of IS iier cent of its original value. 
Histologic examinations of tins heart by Dr. Otto Sapliii-, of tbe De- 
partment of Pathology, revealed no significant intravascular clotting. 
Tbe absence of intravascular clotting and tbe tendency for tbe con- 
striction to be reversed by dog’s blood indicates that the serum of 
this foreign blood contains a vasopressor substance for the dog’s coro- 
nary vessels. 

Tbe presence of this coronaiy vasopressor resjionse in the perfused 
heart and its absence in tbe entire animal made refractory to tbe de- 



hcart 


A, 100 c.c. of blood from a dog- made refraetorj' to the depressor action of beef 
blood (containing 10 per cent beef blood). 

S, 120 C.C. of normal dog blood to which 5 per cent beef blood had been added. 

C, 70 c.c. of the same blood as A except for the addition of 5 per cent more beef 
blood. 

V, 95 c.c. of normal dog blood to which 20 per cent beef blood had been added. 

E, 50 c.c. of whole beef blood. Discussed in text. 


pressor action of beef blood might be due to (a) tbe greater concen- 
tration of beef blood reaching the heart in the former case, (b) tbe 
use of blood from dogs not made refractory to tbe depressor action of 
beef blood in tbe initial perfusion, or (c) tbe absence of a refractory 
state in the heart to the action of beef blood, the protection of the 
heart in the whole animal being tbe result of tbe action of other or- 
gans which are removed in making the isolated heart preparation. 
Two tj'pes of experiments were devised to test these possibilities. In 
the first, an isolated fibrillating heart preparation such as used in tbe 
preceding experiment^ was made ui a dog which bad previously been 
made refractory to the depressor action of tbe beef blood. The dog’s 
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blood for tlie perfusate was obtained from animals not jn'eviously ex- 
posed to beef blood. At varying intervals small quantities of the fol- 
lowing bloods were substituted as a perfusate; (a) blood from a dog 
made refractory to the depressor action of beef blood; this contained 
roughl}' 10 per cent beef blood accumulated in the process of render- 
ing the animal refractory; (b) a 5 per cent solution of beef blood in 
the dog’s blood used in the original perfusion; (c) a o per cent solu- 
tion of beef blood in the dog’s blood used in (a), really making a 15 
per cent beef blood solution; (d) a 20 per cent solution of beef blood 
in the dog blood used in the original perfusion; and (e) whole beef 
blood. All the bloods used were defibrinated and prepai’ed in the 
usual manner. The foreign blood could be temporai-ily substituted as 
a perfusate under the same pi’e.ssure and temperature as the original 
blood used for perfusion simply bj" turning a stopcock when desired. 
The results of this experiment are .shown in Pig. .3. It will be seen 
that all five samples containing beef blood caused a rever.sible vaso- 
constriction of the eoronaiy ve.ssels, the constriction tending to be 
abolished when the original dog’s blood pei’fusate was again used. 
This expei’iment shows that the presence of blood derived from an 
animal made refractory to the depx’essor action of the beef blood did 
not appreciably modify the vasoconstrictor action of beef blood. 

The second tjqxe of experiment was to note the effect of substituting 
whole beef blood for dog’s blood as a perfusate in an isolated fibril- 
lating heart preparation taken from, a dog rendered so refractor}’’ to 
beef blood that the animal’s entire blood volume could be rapidly 
changed without a depressor action. Two such experiments "were car- 
ried out. In both, the animals were made so refi’actory to the depres- 
sor action of beef blood that 1100 c.e. and 1700 c.c. of beef blood, re- 
spectivehq could be substituted for the animal’s own blood in a matter 
of four and one-half and fourteen minutes without causing any appre- 
ciable blood pressure drop. In both these animals the isolated per- 
fused fibrillating hearts were found to be refractory to the coronary 
vasoconstrictor action of beef blood when this was .substituted as a 
perfusate for dog’s blood. These last experiments indicate convinc- 
ingly that the heart can be rendered refractory to beef blood provided 
the process is carried far enough. The apparent absence of refractori- 
ne.ss in the earlier experiments indicates merely that the proee.ss of ren- 
dering the animal refractory had not been carried far enough, 

DISCUSSION 

These re.sults strongly sugge.st that the depressor action of the foreign 
blood in the dog may be contributed to by a cardiogenic factor resulting 
from the eoronaiy vasoconstriction demonstrated in this isolated organ. 
It may prove to be that the serious and often fatal result obtained in 
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anaphylactic shock is in part contributed to by such a coronary vaso- 
constrictor action in susceptible individuals. This is in accord with 
the recent observations of "Wilcox and Andrus,^ who demonstrated 
that coronary constriction occurred in an isolated guinea pig heart 
following the administration of the protein to which the animal had 
become sensitive. The evidence presented by Wilcox and Andrus that 
this coronary constriction is due to histamine is not in accord with 
observations made in this laboratory on the dog since we found that 
histamine causes coronary vasodilation.^ 

We have no evidence which could point to the nature of this coro- 
nary vasopressor substance ; our previous results showing that acetyl- 
choline is a coronary vasodilator^ would exclude this substance. We 
are reporting these experiences with beef blood since they show coro- 
nary vasoconstriction to a degree which ma5’' trul}^ be called spasm. 
Apparently, the substance giving rise to this action is in the serum of 
the foreign blood and would appear to be of the nature either of a 
foreign loroteiu or of one of its breakdown products. 

The possibilit.Y that the foreign blood coronaiy “ spasm might be 
in the nature of a specific foreign protein affair raises the question 
as to whether or not similar types of reactions may not follow in sus- 
ceptible individuals when foreign j)roteins enter the blood stream. 
We cannot resist the temptation to speculate that this maj’ on occasion 
lead to severe coronaiy vasoconstriction in man and help to explain 
some cases of acute coronary insufficiency and angina pectoris, espe- 
cially if the coronary vessels are already the seat of narrowing in the 
larger channels. Vasoconstriction affecting the smaller arteries under 
these circumstances would increase the resistance to fl,ow in the al- 
ready narrowed coronary bed. At present, hoAvever, this must be re- 
garded as a mere conjecture. Our results lend support to the long- 
established clinical concept of intense coronary “spasm” since such a 
state had been demonstrated by our experiments to aetuallj’ occur in 
the exiierimental animal. 


SUMMARY 

A delayed, profound, and prolonged depressor action occurred when 
a small amount of beef blood (also sheep’s and pig’s blood) was in- 
jected into a normal anesthetized dog. This depressor response could 
be progressively lessened and finally abolished b3^ repeated injections 
of beef blood gradualty increased in amount, the dog’s own blood 
being withdrawn in equal amounts. When, hoAvever, this dog’s heart 
was complete^ isolated and its coronary arteries were perfused with 
the same beef blood, ventricular fibrillation rapidl.v ensued, and the 
coronaiy inflow markedl^^ decreased and finalh^ stopped, indicating an 
intense coronaiy “spasm.” Evidence is presented suggesting that 
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this is a real coronary vasoconstriction, and that the substance re- 
sponsible for this is made ineffective in the whole ani}aal and in the 
isolated heart when the animal is made sufficiently refractory to the 
depressor action by repeated passage of the beef blood through the 
animal. 

We are indebted to the otlier members of the department for technical assistance. 
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OCCLUSION OP THE CORONAEY ARTERIES BY, HEMOR- 
RHAGE INTO THEIR WALLS^' 

YGLLmr B. Wartman, M.D. 

Cleveland, Ohio 

O cclusion of the coronaiy arteries may he the result of one of 
the folloAviug lesions or a combination of several of them: (1) 
thrombosis, (2) intramural coronary arterial hemorrhage, (3) severe 
arteriosclerosis Avith stenosis, (4) SA^ihilitic aortitis and coronary ar- 
teritis Avith narroAving of the ostia, (5) endarteritis, and (6) embolism. 

The commonest cause of occlusion is thrombosis of an artery AA^hich 
is the seat of seA’ere partially occluding sclerosis. Intramural coronary 
arterial hemorrhage, AA’hich is probablA' the second most common cause, 
has received scant attention, and lias never been considered as a cause 
of death. HoA\mAmr, careful study sIioavs that many coronary arteries 
are occluded not as the result of thrombosis but of massive hemorrhage 
into the A^essel AA'all Avith the formation of a large hematoma AAdiich 
blocks the lumen either bj^ Aurtue of its size or by rupture through the 
intima and subsequent development of a thrombus. The purpose of this 
report is to describe seA'en patients A\dio died not as the result of throm- 
bosis but of intrinsic intramural hemorrhage. 

CASE REPORTS 

CxVSE 55i3. — A A\’hite man, 61 years of age, a restaurant proprietor, had noticed 
increasing dyspnea and fatigue upon exertion for ten months before admission to 
the hospital. He had been examined by a physician -who sent him to bed and gaA-e 
him digitalis. Nevertheless, his sjuiiptoms became Avorse, and he developed attacks 
of severe precordial pain Avliich radiated down the left arm. The patient, as Avell 
as his mother and father, had diabetes mellitus. 

The blood pressure Avas 140/SO, the temperature 38° C., and the pulse 100. The 
heart was slightly enlarged, and the sounds Avere of poor quality, with a marked 
gallop rhythm and pulsus alternans. A soft blowing systolic munuur was heard 
over the aortic area and at the apex. There was marked cyanosis and dyspnea, Avith 
Clieyne-Stokes respiration. Congesth-e failure aa'us severe. The white blood cell 
count Avas 8,600. The electrocardiogi-am showed notching of the QES interval, 
with an abnormal S-T complex in Leads I and III. The P-B interval was 0.12 
sec. This graph Avas interpreted as rej)resenting a combination of myocardial 
damage and digitalis effect. The patient’s SAunptoms increased in severity, and 
he died four days after admission to the hospital and ten months after the onset 
of symptoms. 

At autopsy the heart Aveighed 650 gm. There Avas both recent and remote in- 
farction of the entire right ventricle, Avith mural thrombi in the right ventricle 
and auricle. Tlie pericardial sac Avas obliterated by dense, fibrous adhesions. 

*Froni the Institute o£ Pathology*', Western Reserve University, and Tlie Uni- 
versity Hospitals. 
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Both coronary arteries sliowerj severe sclerosis with narrowing of the Juinen. 
The right coronary artery, at a point 3 cm. from the ostium, was occluded by soft, 
dark red blood clot. Serial sections through this portion showed intramural arterial 



I'lii- 1. — Ca.se 55}!1. A section through the edge of the o<;eIii(le<l poi-lion of llie 
ngiit coronary artery, .showing several recent hemorrhage.s, a, in the Intlina, The 
cndotlioIJal lining, b, is int/ict. 



arc 


hemorrhage ju.st beneath the intiinal endotlielium wliich 
JgB. 1, 2, and 4). There wa.s no thrombosis, but 
occluded by the large hematoma. 


at no point was ruptured 
the vessel w.n.s completely 
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Cask 5561 . — A white male, 43 years of age, a press operator, stated that ten 
days before admission to the hospital he was suddenly stricken with crushing sub- 



Figr. 3. — Case 5543, A section 4 mm. distal to Fig. 1. A lai’ge hematoma, a, is 
present, which has obstructed the lumen. The endothelial lining, b, is intact. 



Fig-. 4 . — Case 5543. Occlusion of the lumen, e, by the subondothelial hematoma, a. 

A section 5 mm. distal to Fig. 1. 

sternal pain which radiated to both shoulders and down the arms. The pain re- 
curred at irregular intervals. His mother had died at 52 years of age of a cerebral 
hemorrhage. . 
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The blood pressure was 118/SS but dropped to 85/53 shortly after admission 
to the hospital. Tlic temperature was 37.5° C., the pul.se 02, and the respirations 
10. There was slight dyspnea. Although distant, the heart sounds were distinct, 
and a short time after admission, a loud pericardial friction rub appeared. The 
white blood cell count was 14,050, with a preponderance of polymorphonuclear 
neutrophiles. On two occasions an electrocardiogram showe/l evidences of infarc- 
tion of tlie anterior and apical portions of the left ventricle. During his hospital 
stay tlie patient continued to have severe pain, and on the thirteenth day he sud- 
denly developed great gasping respirations and died. The heart sounds were 
muffled, as though from ventricular filirillation. Death occurred twentj’-three days 
after the onset of sj-nijitoms. 

At autop.sj- the heart weighed 480 gm. Tiierc was massive, recent infarction 
of the anterior and apical regions of the left ventricle, the apex of the right ven- 
tricle, and approximately two-thirds of the anterior portion of the interventricular 
septum. Tlie apex of the left ventricle bulged markedly to form an aneurysm 5 cm. 
in diameter which was tilled rvith fresh thrombus. 

One centimeter below the origin of the descending ramus of the left coronary 
artery was a soft, dark red blood clot which completely fdlcd the lumen. Serial 
sections through this lesion revealed a large atheromatous plaque in which recent 
hemorrhage had taken place with the formation of an occluding hematoma. There 
was no thrombosis. 

Ca.se 5584 . — K white male, 55 years of ago, was a business man, and, so far as his 
family and friends were aware, had been in good health until the day of death 
when he was shaken up in a slight accident. lie was carefully examined by a 
physician immediately after the mishap and was thought to be unharmed. Six 
hours later he was found dead. 

At autop.sy moderately severe .sclerosis of all branches of the coronary arteries 
was discovered. In the descending ramus of the left coronary artery, .3 cm. from 
its origin, was found a massive, annular hemorrhage in an atheromatous plaque, 
thus forming a largo hematoma which completely occluded the lumen of the vessel. 
The hemorrhage was recent, with well preserved red blood cells, and the inner 
lining of the intima was everywhere intact (Figs. 5 and G). There was no myo- 
cardial infarction. 

Case 5840. — A 48-year-old wliite woman, a housewife, was known to have had 
diabetes for five years. Twenty-two maternal relatives had had diabetes rnellitu.s. 
Six months before her fatal illness the patient first complained of substemal pain, 
dyspnea, and edema on exertion. An electrocardiogram taken at this time was 
normal. She continued to have freque-nt attacks of anginal pain which were re- 
lieved only partially by nitroglycerin. Twelve hours before admission, following 
a profound emotional experience and after a ten-day period of intermittent pre- 
cordial pain, the patient was seized with severe, e.xcruciating, sub.sternal pain which 
did not radiate and was not relieved by nitroglycerin. 

The blood pre.ssure was 140/8.5, the temperature 37.G° C., the pulse 120, an/l the 
respirations 35. Tlie patient was obese, dyspncic, and slightly cyanotic, with quiet 
heart sounds and a regular pulse. The leucocyte count was 10,100, with a normal 
differcmtial count. The electrocardiogram, taken on the day of admission, showed 
indications of myocardial damage w-ith interventricular block, and sinus tachy- 
cardia, which were thought to indicate a posterior basal infarct with involvement 
of the interventricular septum. The patient’s condition became steadily worse, and 
she died twelve days after the onset of the final attack. 
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Figr. S. — Case 5584, A section through the descending branch of the left coronary 
artery, showing massive hemorrhage, a, into the vessel wall. The endothelial lin- 
ing, hj is intact, and the lumen, c, is patent. 




Pig-, g. — Case 5584. A section 3 mm. distal to Fig. 5. The lumen, c, is occluded 
because of compression by the intramural hemorrhage, a. The endothelial lining, Ti, 
is intact, and there is no thrombus. 
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At autopsy the lieart weigticd 335 gni. There was a roeent, superimposcf] upon 
an organizing, infarct involving the left ventricle, jairticularly the posterior 
aspect, from the hase to the apex and the posterior portion of the interventricular 
septum. 

The left circumflex coronary artery was completely wcluded by soft, dark red 
blood clot at a point 2 cm. from its origin. Serial sections showed massive recent 
hemorrhage into the wall of the artery wnth the formation of a hematoma which 
completely obliterated the lumen. The endothelial lining of the intima was every- 
where intact, and there was no thrombosis, Both coronary arteries were the seat 
of severe sclerosis. 

Ca.se 5.92S.— a 53-year-old negro, a laborer, had complained for nine months of 
shortness of breath and pain in the left upper rjuadrant. Fifteen years before 
the fir.st admission a diagnosis of aneurysm of the transverse and descending por- 
tions of tile aorta had been made. The Wassermann reaction was positive at that 
time. During the intervening years he w'as treated in the Out-Patient Department 
and ^vas able to do the hard work of a laborer. He was also known to Imve diabetes 
inellitus, which re.sponded well to treatment. 

On admis.sion to the hospital the blood pressure was 15.5/ 1 25, the temperature 
38,0° C., the pulse 100, and the respirations 30. The patient was well developed 
and well nourished and did not appear serioii.sly ill. The heart was greatly enlarged 
to the left, and tv.-o apical impulses were noted in the posterior axillary line, one 
in the fourth and the other in the fifth costal interspace. The blood and .spinal 
fluid "Wassermann tests were negative at tins time altbougli tbe Kline exclusion test 
was two-plu.s. X-raj- examination indicated the presence of an aortic aneurysm. 

An electrocardiogram .showtyl tlml, since a record taken five years before, there 
had appejired changes in the ,S-T inten-al and T-waves of Deads I and III and more 
marked left axis deviation. These changes together with slurring of the QKS 
complex in Dead I and nofehing in Dead II were interpreted a.s indicating myo- 
cardial damage. 

Three days before death the temperature increase'! to -iOA'' C., the patient de- 
veloped marked Cheyne-Stokes respiration and became disoriented Signs of bron 
chopneumonia apfieared in tiie right lung and the leucocyte count ro.se to 12,500. He 
died thirty-five days after admission to the hospital. 

At antop.sy the heart was greatly enlarged, and there was a fusiform and saccular 
aneurysm of the descending thoracic portion of the aorta with di.splaeeraent of the 
heart, lungs, and esopliagus. The aneurysmal sac was completely filled by thrombus 
— the so-called spontaneous cure. 

The circumflex branch of the left coronarv- arteiy was occluded bv soft, brown- 
ish red material at a point 2 cm. from the ostium. Serial sections through this 
area showed recent intramural liemorrhage with obliteration of the lumen by the 
resulting hematoma. The intimal endothelium was everywhere intact, and there was 
no thrombus. 

In tlie right coronarj- artery, ,5 cm. from the ostium, was an intramural hemor- 
rhage which did not completely occlude the lumen but reduced it to an opening 1.5 
mm. in diameter. 

Tliere was no evidence of recent myocardial infarction although occasional areas 
of fibrosis were cucouTitorcd. 


Ca.se 5929.— A white man, 02 years old, a picture framer, had complained for 
one voc: of transient attacks of .severe precordial pain which radiated to the 
shoulders. During these attacks the patient noticed that iie was short of breath. 
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The blood pressure was 190/100, the temperature 36.8° C., the pulse 60, and the 
respirations 40. The day before admission to the hospital the blood pressure dropped 
to liO/70, and the temperature increased to 39° C. The patient was suffering 
severe pain and was very apprehensive. Although the heart sounds were weak, they 
were regular and no murmurs were heard. There were no signs of congestive heart 
failure. 

An electrocardiogram taken a few hours after admission to the hospital showed 
notching and slurring of the QRS complexes and elevation of the S-T intervals in 
Leads II and Y. On the next day another record showed a decrease in the voltage 
of the QBS complex. The S-T interval in Leads I, W and Y had become elevated 
with inversion of the T-wave in Leads I and Y. These changes were considered 
diagnostic of recent infarction of the anterior and apical portions of the left ven- 
tricle. During the following six days two other electrocardiograms were made. 
They showed a further decrease in the voltage of the QKS complex, with inversion 
of the T-wave in Leads II and III, and a decrease in the degree of inversion of 
the T-wave in the chest lead. These changes were considered consistent with the 
course of infarction of the apex and anterior wall of the left ventricle. 

About three weeks after the onset of the illness, a pericardial friction rub de- 
veloped and the leucocyte count rose to 13,700. The next day the patient became 
cyanotic, had a convulsion, and died. 

At autopsy the heart weighed 530 gm. A large wedge-shaped mass of infarction 
was found in the anterior wall and apex of the left ventricle and the apical por- 
tion of the interventricular septum. IMural thrombus covered the necrotic myo- 
cardium. 

The coronary arteries were the seat of severe sclerosis. One centimeter from 
its origin the lumen of the descending branch of the left coronary artery was very 
gi'eatly reduced by an atheromatous plaque and occluded by dark red, friable 
material which seemed to have its origin in the plaque. The arterj' was occluded 
for a distance of nearly 1 cm. Microscopic sections through this region showed a 
large intramural hematoma which was undergoing organization. There was no 
thrombus. 

Case 5814. — A white male, 54 years of age, unemployed, but formerly a janitor, 
was well until three hours before admission when he awakened with severe stabbing 
pain, which originated substernally and radiated to the left shoulder, leaving the 
arm numb. The pain was continuous. In 1913 he had been told he had a leaky 
heart and noticed some dyspnea on mild exertion, but he had been able to work 
without difficult\\ 

The patient was prostrated, pale, sweating profusely, and complained of a sense 
of impending doom. The blood pressure was 80/30, the temperature 37.8° C., the 
pulse 77, and the respirations 22. The heart was weak and irregular, with quiet, 
distant sounds. There was marked dyspnea and ashen gray cyanosis. Three hours 
after admission the patient died while talking to the interne. 

At autopsy the heart weighed 450 gm. The coronary arteries were the seat of 
severe sclerosis. Two centimeters from the ostium of the right coronary there wms 
an ulcerated atheromatous plaque, 1 cm. in length, which on section oozed soft 
brownish red material and almost completely occluded the lumen. Serial sections 
showed massive recent hemorrhage into an atheromatous plaque (Dig. 7). At one 
point the intima was interrupted, and a small mural thrombus had formed (Fig. 8). 
Tile lumen was almost completely occluded by the hematoma and the mural 
thrombus. The myocardium siiowed a mild degree of fibrosis but no evidence of 
recent infarction. There was a moderate amount of fat infiltration in the right 
ventricle. 
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Fig. 7 . — Case 3814. Diagram to illustrate the lesions found in the stenosed por 
tion of the right coronary artery. At this level the intramural hematoma i.s eov 
ered by a nari'ow, Intact layer of intlma. 

3 ) 1 . mural thrombus; i.i.. Intact intima ; s.7i., suhondothellal hemorrhage; i.h, 
intramural hematoma ; m.. media. 




Fig. S. — Case 5814. Diagram of a .section of a fov." millimeters distal to Fig. 7, 
sliowing disruption of the intima. 

3)i.f., mural thrombus ; r.Ji., rupture of hematoma into arterial lumen ; sJi., sub- 
endothelial hemorrhage ; i.h.. Intramural hematoma ; in., media. 
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SmLMARY OF FINDINGS 

The clinical findings in these seven eases were for the most part those 
of myocardial infarction and coronary thrombosis. Slost of the patients 
Avere in the sixth decade. One patient aa- as a Avhite AA’oman and another 
a negro, but tiie others AA'ere AA'hite males. jMany of the patients belonged 
to the laboring classes, although Amrious occupations AA^ere represented. 
One-half of the patients had previously suffered from angina pectoris, 
but none had had symptoms for longer than ten months, and all died 
Avithin fiA'e aa'ccIvS of the onset of tlie final attack. Death occurred sud- 
denly and unexpectedly in Iaa'o patients (Cases 5584 and 5814), but 
AA’itli these exceptions all complained of precordial pain radiating to 
the arms. The usual signs and symptoms of myocardial infarction 
Avere present. Electrocardiographic records AA'ere obtained for five of the 
patients, and in these cases myocardial damage AA'as sIioaati by changes 
in configuration of the QEST defiections. Li tAvo cases it AA^as possible 
accurately to localize the infarction (Cases 5561 and 5840). HoAA'CA'er, 
there Avere no characteristic electrocardiographic findings Avhich per- 
mitted differentiation between intimal hemorrhage and true thrombosis. 

The pathologic findings Avere similar in the seven cases. Severe in- 
timal sclerosis Avitli calcification and the formation of large atheromatous 
plaques Avere constant features. The lumen of one or more of the 
branches of the coronary arteries Avas blocked by soft, dark red blood 
clot, and serial seetious of these areas revealed that the occlusion Avas 
not caused by thrombosis, as had been supposed on gross examination, 
but by hemorrhage into the AA*all of the artery. The hemorrhage Avas 
usually found in an atheromatous plaque (four cases) and except for 
one (Case 5814) Avas coA'ered by a layer of intact endothelium. In 
no ease Avas there bleeding into the media. The size of the hemorrhage 
A’aried but AA^as usually' massiA'e, causing stenosis by actual compression 
of the lumen of the affected artery. In- addition to the large hematoma, 
there AA^ere often multiple small hemorrhages scattered throughout the 
intima, especially beneath the endothelium. The intima in the region 
of the hemorrhage was alAAuys richly vascularized by capillaries Aviiieh 
were frequently siUTOunded by focal accumulations of red blood cells. 
The age of the hematoma could not be accuratelA* determined, but in 
many eases the exeeUeut preservation of ei-A'tlirocjffes indicated recent 
origin. Sometimes, hoAvever, there AA^as lysis of the red blood corpuscles 
and beginning organization and pigmentation. 

Case 5561 illustrates a combination of lesions whicli Avas frequently 
obseiwed in eases of coronary occlusion, namely, intramural artei-ial hem- 
orrhage and recent thrombosis. The inassiA’-e hemorrhage into an 
atheromatous plaque aa'rs easily made out (Fig. 7) and in most of the 
sections there AA^as a narroAv border of intact intima, separating the 
intramural hematoma from the lumen, but at one point the hemorrhage 
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liad broken llirough the inlima (Fig. 8). Tims, in addition to the large 
intramural hematoma, tliere ivas a I'ceent thromims within the lumen of 
the vessel. The significance of this combination of lesions will he dis- 
cussed later in the paper. 

An analysis of the incidence of the lesion in the various branches of 
the arteries shows that lioth arteries were involved in one case, the left 
coronary artery in five and the right in tliree cases. The commonest site 
of occlusion in the left coronary arteiy was just distal to the origin of 
the anterior descending branch (three cases). Jn one case it was in the 
circumflex branch near the midpoint. Tlie riglit coronary ai’tery was 
most frequently involved in the middle third (Ihrec eases). 

The lesions produced in the myocardium were variable. Four cases 
showed recent infarction of the myocardium. The diseased muscle was 
easily recognized in the fresh specimen, and the usual histologic ap- 
pearance of recent infarction was present. In three of the hearts there 
was no demonstrable mj'ocardial infarction. This finding is explained 
in two cases by the fact that the patients died suddenly so that sufficient 
time had not elapsed for infarction to develop. 

niscus-siON 

Although the finding of intramural arterial hemorrhage is an old ob- 
servation, the lesion has received but little attention from most uTiters. 
Such hemorrhages are most commonly seen in the wall of the aorta but 
may affect any ve.ssel. Jleeently Paterson^ studied the vascularization 
and hemorrhage in the intima of arteriosclerotic coronary arteries and 
foiuid hemorrhagic lesions within the intima in atheromatous foci in a 
number of arteriosclerotic coi’onary arteries, including those from nine 
patients with recent coronary thrombosis. He was able to demonstrate 
vascularization of the intima by discrete capillaries arising from the 
lumens of sclerotic coronary arteries and noted that when this intramural 
‘■hemorrhage was recent, capillary channels were found in the inner lay- 
el’s of the intima in close proximity to the extravasated blood.” 

Previou.sly Benson^ and Koch and Kong" had described breaks in the 
integrity of the intima of thrombotic coronai’v arteries permitting escape 
of blood between or into the coats of the artery and suggested that such 
changes might lead to the formation of a thrombus. Leary*’ described 
the rupture of an atheromatous mass into the lumen of a coronary ve.s- 
.sel with secondary thrombus formation. He has also described intimal 
c:apillarie.s arising directly from the lumen of the arteiu". Clark, Graef 
and Chasis'’’ examined serial sections of eleven thrombotic eoronarj- ar- 
teries. “The common observation was the presence of a fresh break in 
Bie fibrous lining of a lipoid plaque with penetration of blood elements 
into the atheroma. In other in.stanee.s thrombus formation occurred on 
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an atlieromatoiis plaque, in -which, thinning ont and separation of the 
collagenous fibers of the lining plaque also had permitted infiltration 
of blood elements.” 

Despite the fact, howcA’-er, that intramural arterial hemorrhage has 
been frequently observed, the actual occlusion of a coronary arteiy by 
a hematoma forriied entirely within the wall of the vessel and without 
thrombosis has not been previously described. In the gross this lesion 
is not easily recognized and might be interpreted as a thrombus. Even 
the microscopic examination of a few sections might not lead to the cor- 
rect diagnosis. It is often necessary to examine serial sections through 
the Avhole of the occluded portion of the vessel in order to determine 
whether or not the intima is intact and Avhether the hemorrhage is en- 
tirelj' within the wall. "When such a lesion is old and the only residuum 
is hemosiderin in an atheromatous plaque, the lesion could be misin- 
terpreted as a canalized and organized thrombus. 

In the present study serial sections of 41 occluded coronary arteries 
Avere studied, and of these, six (14.6 per cent) AA^ere caused solely by 
intramural hematoma. Fourteen (34.2 per cent) of the other cases 
shoAved a combination of intramural hemorrhage and thrombosis and 
one of these is included in this report because it illustrates the difficulty 
of determining Avhether the thrombosis is secondary to the rupture of a 
hematoma or whether the hematoma is the result of rupture of the in- 
tuna and extravasation of blood beneath it. Several points, hoAvever, 
indicate that the former explanation is the correct one. If it be as- 
sumed that the thrombus formed first, then it is difficult to explain the 
formation of a hematoma in the AAmU of a A'^essel because, if the occlusion 
AA^ere complete, no blood could reach the affected portion or, if the oc- 
clusion Avere only partial, it Avould seem logical to assume that the mural 
thrombosis would protect the intima and tend to prevent the develop- 
ment of a hematoma. Again in some of the cases which have been 
studied, the hemorrhage AAuthin tlie vessel Avail is of greater age than 
the thrombus, as indicated by the finding of hematogenous pigment 
Avithin phagocytes and of beginning organization, Avhereas the thrombus 
slioAA'S none of these features. 

It is no longer necessary to assume that bleeding into the Avail of an 
artery is due solely to rupture of the intima and dissection beneath it by 
the blood stream, for Paterson^ and Leary*’ ® have convincingly demon- 
strated the origin of intimal capillaries from the lumen of a sclerotic 
artery. This finding has been confirmed by the present study, and it 
has also been possible to demonstrate vascularization of the atheromatous 
plaques by capillaries deriA’-ed from the adventitia. It is easy to con- 
ceive that capillaries Avitliin an atheromatous plaque ma3^ rupture, for 
the soft, easily compressible material of the atheroma offers no support 
against the capillarA^ blood pressure. Since patients AA'ith coronarv 
arteriosclerosis frequentlv have Inqjertensiou, a small intramural capil- 



470 


THE A^IERICAN HEART JOURXAE 


laiy might readily be ruptured and form a hematoma. With time .such 
a hematoma could easily become large enough completely to close the 
lumen or even to rupture. 

The site of rupture of a hematoma into the lumen of an artery would 
no doubt afford an excellent nidu.s for the development of a secondary 
thrombus. It has not been possible to demonstrate this convincingly, 
although many of the cases suggest strongly that the thrombus is sec- 
ondary to a ruptured intramural hemorrhage. Winternitz, Thomas, and 
Le Compte^ have recently suggested that hemorrhage derived from the 
intramural circulation may be an important factor in the dcvcloptmcnt 
of arteriosclerosis. Further study may elucidate this problem. 


SmiJIARY 

Six eases are described of complete occlusion of sclerotic coronaiy 
arteries by intramural arterial hemorrhage without thromliosis. An 
additional case is presented in which there was a combination of intra- 
mural hemorrhage and thrombosis of the left coronary artery. Death 
was directly attributable to the coronary lesion in all cases although in 
three there was no mj'ocardial infarction. Attention is called to the 
probable importance of intramural arterial hemorrhage in the patho- 
genesis of coronary thrombosis. 
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A STUDY OP ELECTKICAU ACTIVITY IN THE AUEICLES^" 

David I. Abramson, M.D.,t Nath^vn M. Penichel, M.D., and 
Charles Shookhoff, M.D. 

Brooklyn, N. Y. 

C ONSIDERABLE data have been aeciimnlated regarding the electro- 
cardiographic effects of myocardial damage and aberrant excitation 
in the ventricles during the past few 3'ears. In contrast, however, the 
present Imowledge regarding similar conditions in the auricles is rather 
scant. As 3’et no reports have appeared, to onr Imowledge, describing 
the electrocardiographic cliauges resulting from experimental injury to 
the auricular mA'ocardium; and there is some controversy concerning the 
relationship of the site of ectopic excitation in the auricle to the form 
of the resulting aberrant P-wave. 

Recentlv the subject of duration of electrical activity in tlie auricles 
has received renewed attention. As pointed out by Wedd and Stroud,^ 
the onset of the P-wave lieralds onH approximate!}" tlie initiation of the 
period of invasion, for a low grade electrical potential difference indicat- 
ing activity in the vicinity of the S-A node exists before tliis inflection 
is inscribed. Purther, the termination of the P-wave can no longer be 
considered to represent the completion of the period of electromotive 
changes, siiiee a deflection has been described following the P-wave, 
which has been proved to be bound up with electrical recession in the 
auricles. This deflection, designated as the Ta wave b.v Hering,^ is 
generall}^ opposite in direction to the P-wave, but is usuallv obscured 
b}’ the aftercoming ventricular complexes. 

In the present investigation, it was therefore decided to stud.v the 
electrocardiographic changes resulting from (a) cauterization of various 
sites on the auricular wall, and (b) the production of artificial prema- 
ture auricular contractions. It was hoped that by comparing the curves 
resulting from tlie two procedures a correlation might be found to exist 
analogous to that observed in our stud}’ of the ventricles under similar 
conditions. t ^ Purther, it was thought that by the introduction of a 
constant current of injury (as a result of cauterization) some informa- 
tion might also be obtained as to the actual duration of electrical events 
in the auricles. AYith this point in mind, and to obliterate possible 

•Fi'om the cardiovascular laboratory and the medical sei-vice of the Jevish Hospital 
of Brooklyn and the medical seiadce of the ML Sinai Hospital. 

tWork done in part during tlie tenure of the PJchard and Elia Hunt Sutro Fellow- 
ship. 

iln the case of the ventricles, it was found that the direction of the initial main 
deflection of the extrasystolic wave Avas inversely related to the direction of the RST 
deviation obtained with normal sinus rhythm, when the site on the A'entricle from 
which the premature contraction arose was subsequently cauterized. 
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electrocardiographic changes caused by the presence of ventricular com- 
plexes, it was decided to produce complete heart-block in several of the 
animals prior to cauterization. 

The data obtained by the above procedures form the basis for this 
report. 

METHOD 


The following data were obtained from experiments on .six cats and live dogs, 
anesthetized by “dial” injected intraperitoneally fO.G c.c. per kilo). Artificial 
re.spiration was instituted, the sternum and portions of adjoining ril^s and cartilages 


A. 


B. 



Fig. l.^autc-riza^tlon of aurjele.s in the Oog (dog i). A, Control records, B, 
Cauterization of right auricle. Depression of P-Ta inten-al in I>jads I and II and 
no change In Lead IIL C, Cauterization of left auricle about ten minutes after "B." 
El(rt'.ation of P-Ta interval in Lead I and depres.sion in Lead.s 11 and HI. JJ Cau- 
terization of both auricles about twenty mfnute.s after “C.” P-Ta intf-rval bach in 
normal isoelectric pofiition in Lead I and depre.ssed in Iliads II and IIL Arrows 
indicate changes m position of P-Ta inten,-al. Vertical time line.s 0.04 swond. 


were removed, and the entire heart wa.® e>:posed by slitting the pericardium. The 
cut edges of the latter were then .sewed to the chest v.-all .so a.s to form a hammock 
and thus maintain the heart in a constant experimental po.sition. Control electro- 
cardiograms were obtained before oiiening the chest and after exposing the heart. 
In .some experiments first one and then the other branch of the Bundle of His 
were cut in order to induce complete heart-block. In all but two ca.«es. a cautery 
w^s applied to specific portions of the auricles so as to produce an injury which 
as deeply as po.ssible into the auricular wall without penetration of the 
cavity. After the lesion was produced, cotton pads were placed Tuditly over the 
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lieart, the sternum -was replaced and an electrocardiogram was immediately taken. 
If no obvious change was noted^ the cauterized area was extended until definite 
alterations were observed. In most experiments it was found possible to reapply 
the cauterj' later to a different site in the auricular wall for further observations. 

Prior to cauterization, in four of the experiments on dogs, premature auricular 
contractions were elicited by stimulating various sites on the auricles with single 
minimal induced shocks sent in at different times in the cardiac cycle. 

Since all complexes in Lead I were generally of low amplitude, it was decided 
to increase the sensitivity of the string so that the introduction of one millivolt 
caused a deflection of two centimeters. The other two leads were obtained with 
conventional standardization, i.e., 1 cm. 1 mv. 

A. B. G. 



Pig:. 2. — Cauterization of auricles in the cat (cat 1). A, Control record. B, Com- 
plete heart-block produced by cutting- first the right and then the left branch of tlie 
Bundle of His. G, Cauterization of the left auricle. Elevation of P-Ta interval in 
Lead I and no change in Leads II and III. D, Cauterization of both right and left 
auricles. P-Ta interval back in normal isoelectric position in Lead I and markedly 
depressed in Leads II and III. E, Further cauterization of right auricle about ten 
minutes after "D." Depression of P-Ta interval in all three leads. Arrows indicate 
changes in position of P-Ta interval. Vertical time lines — 0.2 second. 


RESULTS 

I. Cmitcrizaiion of AuricnJar Wall 

Upon cauterization of the auricular wall, an elevation or depression 
of the normalh' isoelectric interval between the end of the P and the 
beginning of the R-wave was consistently noted (Figs. 1 and 2). This 
portion of the electrocardiogram (which may he considered to he the 
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counterpart o£ the RS-T segment of the ventricular groujjing) will here- 
after he designated as the P-Ta segment, since it lies betw(;cn the P-wave, 
which indicates auricular excitation, and the Ta-wave (obscured by the 
R-wave) which indicates auricular retreat. Conformity is thus main- 
tained with ventricular terminologjL 

In many eases the P-wave was affected by the cauterization as well as 
the P-Ta segment, although not as conspicuously (Fig. 1). The modifi- 
cations of the P-wave consisted either of an increase or decrease in its 
height, witli slight changes in contour. In those records in which an 

Table I 


EXPERI- 

MEXT 

XUJIBER 

aerict.e 

CAUTEK- 

IZED 

EFKECT OF 
C.ACTEP.IZATIOK 

EPO.N- P-Ta INTEP.VAL 

DUP.ATIO.V of P-It 
IXTEllVAL EEFOIIE 

CO.MPLETE 

IIEABT -BLOCK 

PUJiATIOX OF 

P-WAVE A.VD P-Ta 

CIIAXOE AITEK 
IXJL'P.Y, I.V THOSE 
CASES WITH COM- 
PLETE IIEAKT-BLOCK 

LEAD 

I 

LEAD 

n 

LEAD 

in 

Cat 1-A 

Left 

a. 

0 

- 

.08 second 

.18 second 


Riglit and 






Cat 1-B 

Left 

0 

r: 

— 

.08 second 

.21 second 

Cat 1-C 

Right 

— 

zz 

= 

.08 second 

.23 second 

Cat 2 

Left 


- 

— 



Cat 3-A 

Right 

= 


= 



Cat 3-B 

Left 

+ 

- 




Cat 4-A 

Right 

— 

0 

0 



Cat 4-B 

Left 

x 

— 

- 

.00 second 

.12 -second 

Cat 5 

Left 

4- 

- 

- 

.00 second 

. 1.0 second 


Right and 






Cat 0 

Left 

4- 


- 

.08 second 

.17 second 

Dofr 1-A 

Right 

- 

- 

0 



Dofr 1-B 

Left 

■f 

- 

. 




Left and 






Bog 1-C 

Right 

0 

n 


.0.0 second 

.14 Hoiiond 

Bog 2-A 

Right 



— 



Bog 2-B 

Left 

X 

" ■ ^ 

:r 



Bog 3-A 

Right 

0 


' — 



Bog 3-B 

Left 

x 


- 

.08 second 

.13 second 


+ P-Ta segment Jisplacetl in a positive Oireetion. 

- P-Ta segment displaced in a negative direction. The number of these repre.sents 
the relative magnitude of the di-splacc-ment. 

0 No effect upon the P-Ta segment. 

elevation of the P-Ta segment was present, the downstroke of the P 
became fused with the first portion of tlie P-Ta segment (Pig. 1-0): in 
a manner similar to the change olxserved in the ventricular curve fol- 
loving toutricular trauma (the R-T trausition arising high up on the 
descending limb of tlie R-wave). When a depression of the P-Ta inter- 
val was present, it was generally written only after the descending limb 
ol tlie upright P-wave had cro.ssed the isoelectric line (Fig. 1-B). In 
cases vhere the P-wave was small and the P-Ta change comparatively 
ffrcater, the P-wave often lost its identity in the latter (Pig. 2-C). 
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Changes in Lead I. — Examination of Talile I reveals that in all in- 
stances, following eanterization of the left auricle, the P-Ta interval in 
Lead I became elevated from its previous isoelectric position (Figs. 1-0 
and 2-C) while in all instances of cauterization of the right auricle (ex- 
cept in one ease in Avhich no change was manifest) a depression of the 
P-Ta interval was obtained (Pigs. 1-B and 2-E) in that lead. Changes 
in the site of the trauma, so long as it was limited to the same auricle, 
did not affect these results. Thus cauterization of either the anterior or 
posterior surface of the right auricle uniformly produced a depression 
of the P-Ta segment, while cauterization of comparable sites in the left 
auricle caused an elevation of the P-Ta segment. 

Further evidence on the relationship of site of trauma to the electro- 
cardiographic alteration in Lead I was observed in two experiments 
(eat 1 and dog 1) in which first one, and then the other, or both auricles 
were successively injured. In one (dog 1 in Pig. 1) with cauterization 
of the right auricle, there was a depression of tlie P-Ta segment in Lead 
I, which was foUoAved by a reversal to an elevated position when the 
left auricle was subsequently injured. After a twenty -minute interval, 
both auricles were again simultaneously cauterized, whereupon the P-Ta 
segment returned to an isoelectric position. In the other instance (cat 
1 in Fig. 2) the left auricle wus first cauterized, with a consequent 
elevation of the P-Ta segment in Lead I, which then became isoelectric 
when this procedure was applied to botli auricles. Following this with 
more extensive cauterization of tlie right auricle, a depression appeared. 
In both cases the return of the P-Ta segment to the isoelectric line with 
simultaneous cauterization of the two auricles apparently was not due 
to a disappearance of the transient current of injury (for at the same 
time Leads II and III in each instance manifested definite indications 
of its presence (Pigs. l-B and 2-P), but rather to the neutralizing effect 
of the electrical disturbances produced in one auricle upon those conse- 
quent to cauterization of the other. One is justified in stating, therefore, 
on the basis of the above, that the site of cauterization, as to the right 
or left auricle, will determine the tjqie of alteration of the P-Ta segment 
observed in Lead I. 

Changes in Leads II and III. — The changes in Leads II and III, upon 
caiiterization of either auricle, uniformly consisted of a depression of 
the P-Ta segment, regardless of -whether the anterior or the posterior 
surface was the site of the lesion (Figs. 1 and 2). In rare instances, no 
alterations were noticed in these leads, despite changes in Lead I; the 
reverse also being true in other eases. No localizing signs could therefore 
be obtained from an examination of the changes in the position of the 
P-Ta segment in Leads II and III, 

Comparison of the Normal P-F Interval With the Comhined Duration 
of the P-Wave and P-Ta Displacement Change in Complete Heart- 
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With normal sinus rhythm following auricular cauterization, 
the P-Ta displacement was seen to end abruptly with, the onset of the 
moi’c prominent QRS comjilex. In order to deteiTnine whether oi not 
the displacement actually persisted beyond the ventricular complex, 
complete heart-block was produced in four cats and two dogs (Table T), 
and the normal P-H- interval was then compared witli the combined dui a- 
tion of the P-wavc and P-Ta displacement change, after the injury. 
Whereas the P-R interval in tlie eat and dog ranged between 0.06 and 
0.09 second, the combined P-wave and P-Ta deviation ranged between 
0.12 and 0.23 second (Fig. 2) or much longer than the P-R interval. 
Tlic significance of these findings will be discussed later. 

77. Production of Auricular Premature ContraciiouH 

Changes in Lead 7. — In four experiments on dogs, pi-cmatuie auricu- 
lar contractions were elicited from various sites on the epieardial surface 
of both auricles prior to cauterization of one of these sites. It was found 
that on stimulation of the right auricle the aberrant P-wave in Lead I 
was almost consistently positively directed (Fig. 3). This held for sites 
on the anterior, lateral, and po.sterior .surfaces, as well as for superior, 
middle, and inferior levels, the only exception being one instance of 
stimulation on the lateral surface inferiorly from which a diphasic 
P-wave was obtained. In each of the four experiments eight sites on 
the right auricle were examined. 

On stimulation of the left auricle, the aberi’ant P-wave in Lead I was 
generally negative (Fig. 4), although in a number of instances it was 
difficult to decide upmi its exact direction because of small amplitude 
or di.storting effects of the “stimulus escape.*' Sites on the anterior, 
lateral, and po.sterior .surfaces at different levels were likewi.se studied. 
In one experiment, ten areas were stimulated and in all cases in which 
the results were decisive (six) they conformed to the above generaliza- 
tion. This was also true in the other three experiments in each of which 
six areas were examined. 

Changes in Leads JI and 777.— The aberrant P-waves in Leads II and 
Til resulting from stimulation of the right and left auricles, while in- 
frequently variable, were usually positively directed for all sites on 
both auricles (Figs. 3 and 4). 

777. Compai'ison of Curves Produced hy Auricidar TraAima and 
Premature Contractions 

Tlie results of the subsequent cauterization of the auricles in two of 
the last described e.xperiments conformed with the findings already 
dtecribed (Table 1). Comparison of the elect rocardiographic records 
of tlie tvo pioeedures (i.e., fir.st the production of ectopic auricular 



ELECTRICAL ACTIVITY IN AURICLES 


ABRASISON ET AL. : 


477 




K I* rm>t fi * j ' 

*«' '■ v* ■ 

■ a «.■!■.■■•> S I ' *! '• 

AMfV nif 4j « l'» S ». <• • • •> . - . 

» *■« «: -.'• * . >■? 

A f S « . . « !• • -. • 

I^Vfiar . 91 >• k t e- 


.X 


■ i .«».■.«•-•• •. • 

Ub-V:.v»V- ■■ ■■ ■ ^ ' . I . .... 

efcW ii« a 

AA^feU >•• Pi 4 Ik '■',•• t ■ 




I 

- — . n3ES««?rE2KBjc«:v1bA»3i«Atfk:<n«4#«*3«»«.i«a^aaviesftf»c'e»4i«.4<»7>«'«v:c 

~"«x»ttW««<&4sn!'»iaMr<»SW4r'«'»>'«ir;v«#'SMWAV't!ii.9'Vrt.srwcib«M^«fKsH:7ic>2n9r?r«2V«t*-.%i<'iR«>-?v«''%;} «« 
... — .. . 1)112,1.^31 as i»'.'ii<r*A»apa«»»» 15 w^Biaie IE 'a 

- T'Krt 2^'S'KI.V* jPsaU 

I- wii Y’Tawi"-as**' irrn*'k ■»•■'• i» •*!■ 

■ /< A. .< • a. % « & II. r fr K : '1 .- ‘ .L Ml -. J' 
'. "I •<**> 111 *!■»•. «-■•:■• '.i '•Si 'twE 
1 •■■i :-|i:<'-i» ■.«•%.* k*M’, 


^*».v.aa--»«ii u «a t ».'p}i««’B a sr V «« >ii.i.»a3i i»« >/ ir*.^ % * a b a * . 

IMAMMlCSN' ».f VlU XJbir V •'«'.«& | DlhN«-Wh>»n' >' 

j’»,'|:-w-4* j; ^ . j. ..... . ^ . ' s « - 




mmM’mrnitm»xxvp:s£^.MVHrrar,»-tiwy%^Ktmc«;irxi^yvisv4 


R i> 


C.9> K M ttU.K'iU U »X SZ!R l*» A SS'C R«^w 4^*^ t S*m 

r^Pfciaa'* JfBasfw rsc««.'Si kWJDa'WS! RTi Sr®: }5ii Mtt 

4*»A.Aa-aui)*a:iK»i»K-a«»»w'dS«C';,«.«;iW»m fc^-wft.rr.'-^iMSs 

MAafeicsA'S' vvY.Na’ASiR.'viaiivi^.rkskix'ttKVHii'.vf ;t».*atss«(Aari^cn«;>ii':«&{!:e:»)r)!;Bm{<k.’tr» 

.#MP*i^£;alXS.i^^a4iu^iuss»«.iMiiu;ss:'«»4ii:jsaMiK«riS:a>.«r<:istf'».ji*iM»i««c^>ac:u5<k..s9aj»diae.>2;(txi!u^‘XkiU<3ai«:£r»uik^,'aU^ 


“. .» • « ■ 


•»••. >V 1l * 
". ««'*.>•- •' 
,. *J ^ * 


8 a I' m*A « H ■• V « . •• <4 - . ' ■' .> k 4 • d. .1 •*.'*.••.« * * .... « •■ • : I « • I’ I ■' . ; : I 

« f 4 M a ■ r •!.••..,«■.« I '.a i* . . . s . ; • v ■ • ^ , .•-«>•-..<« i> ■• •,■«•«••.. -mi , d 

VAaRKa«ASA^*.'-'k* it V. h ■•• ' .*.• ‘H '■ k., 

|M« >a a I. V « h . p • . V‘ ’ . " . ' I 

W Att'i V • 4 I' J <1 k k ' '. ■ ..'■.. . • •« • ^ . ... ^ . •■*. I •» u I ■ ; 

r r % A ■* ki r k * ^ I s " ?. • 1 • . A ' : • ; * ‘ ^ • •.••••«»•"..'*.•?':•* .p ■ j i 

I 4' »• 1 ■• Ab . I ! •■« ' I > fc... ! '. '1 1 . S ■ *. » ■ • a ■ , • ;•••.•.•• .- I « ^ ■ .. . I If. I 


MaSu A «>* V 4a I. I * . s •, • •• .•«.•••: • • . • «•..»■,.■. ■ ■ • 

R aiaAiavnaa** .■■» p-v.v* mi^.. .••.• • I’f. a.i. •. • .• »„ 

Mf a«^4 *.ff • ^ ar ',1 • a r «. i , gMb*' ■ J|k V s ■ . »i v » 

ua '■ l<*p» » . •' .*• v*. ^ wr ■ a r . ,t 

kiMA Vtf *■ 'AIA 4 ar & a « . • ;. <■ r 'i r 1. 1 k. f , , • | •• ••• • • . • -, ‘ ■ r ■ ■■ , ■ | w *’ a • >r ;• m 3 , - < 

S K»A«ii . 1 : a •« " I ■ • " ' bk . k< ■ V V ' I.- .1’ . 1* I. ’ . 4 

k»aik««a«i.Aa 1.. '.i.i*! .-'. k. • T*. 


Fig. 3. — ^Auricular premature contractions produced by stimulation of right auricle 
in the dog. Arrows indicate the aberrant P-wave followed by a supraventricular 
complex and under compensatorj’’ pause. The aben-ant P-wave is upright in all three 
leads. Vertical time lines — 0.04 second. 



Fig. 4. — Auricular premature contractions produced by stimulation of the left auri- 
cle in the dog. Arrows indicate the aberrant P-wave followed by a supraventricular 
complex and under compensatoiw pause. The aberrant P-wave is inverted in Lead 
T and upright in Leads II and III. Vertical time lines — 0.04 second. 
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beats from a specific site and then cauterization of this site) revealed 
that -whereas the aberrant P--waves in Lead I were positively directed 
for sites on the right auricle, the displacement of the P-Ta intei’val (-with 
normal sinus rhythm) following cauterization of this auricle was nega- 
tively directed. A similar type of relation.ship lield for the left auricle, 
except that here the direction of the aberrant P-wave was negative and 
the P-Ta segment positive. In I’eference to Lead II and Lead III, the 
P-Ta interval ivas generally depre.ssed for sites of trauma on either 
riglit or left auricle, while tlie abei-rant P-waves were positi\ely directed. 
The significance of these findings will be di.seussed. 


DLSCUSSIOX 


It is generally conceded that rvlien the ventricular myocardium is 
traumatized, the resulting current of injury manifests its presence by 
a displacement of the ES-T segment from its normally isoelectric posi- 
tion. Actually, of eour.se, this change represents a temporary negative 
variation of the injure' current, i.e., a tendency toward the neutralization 
of that current when the charges of normal excitation are present in 
the intact mitscle surrounding the injured region- Although the nega- 
tive variation of the current of injury e.xi.sts from the beginning of 
activation to the end of reeoveiw', the QRS complex is very little affected 
because of its relatively greater electrical magnitude, and thus the only 
obvious change is seen in an alteration of the RS-T .segment and po.ssibly 
a distortion of the T-wave as well. 

From an examination of the pre.sent results, parallel conclusions to the 
above can be drau-n for the electrocardiographic representatioii of 
auricular electrical events. First, to dlscu.ss the normal euiwe, there is a 
v,'ave which can be considered roughly to indicate the onset of invasion, 
the P-wave, which is followed by an isoelectric interval, the P-Ta seg- 
ment, during which period there is a .state of balanced activity or tem- 
porary neutralization of yjotential differences throughout the auricles. 
The period of retreat or recoveiy is then represented by the Ta-wave, but 
since the electrical events during this stage are of .small magnitude, the 
wave is either lost in the much greater electrical effects consequent to 
activation of ventricular mirscle, or if v.Titten before the latter takes 
place, it is of such small amplitude as to he generally invisible. How- 
ever, if auricular muscle Is traumatized, a factor is introduced which 
tends to alter the relationship and contour of the -svaves so long as the 
tissue remains in a dying state. For now normal excitation of auricles 
injured locally results in a negative variation of the existing current of 
Avhieh takes the form of a displacement of the P-Ta segment.® 


protoJuo'ii’^of't’SirSter change in the an^ cat foRovvcd the 

.-U5pectc-fJ. -Vlthoueh 4 auncular infarction with rupture is 
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This negative variation of the current of injurv is present during the 
entire period of anricnlar activitj’, i.e., during invasion, balanced ae- 
tmty, and retreat, and, if of sufficient magnitude, it maj* affect the con- 
tour of the P-wave as well as tlie P-Ta segment and the Ta-wave. 
i^Ioreover, the point at which the displaced P-Ta segment returns to the 
isoelectric line will serve to indicate the termination of the period of 
auricular activity, and thus the relative position of the normally invisible 
Ta-wave. 

In this connection it is of interest again to call attention to the finding 
that the combined duration of the P-wave and displaced P-Ta interval, 
measured after cauterization and complete heart-block had been pro- 
duced, was much greater than the normal P-K interval (Table I). In 
other words, it would appear from this that the electrical disturbances 
related to the terminal portion of the recovery period in the auricles are 
present but ordinarily obscured when the much greater changes due to 
the onset of ventricular activity are recorded. Only when the effects 
of the latter are eliminated, as by the production of complete heart -block, 
can the full extent of auricular activity be readily visualized by means 
of traumatizing the auricles. These observations are in accord with 
those of Brown,® who utilized esophageal leads to obtain his data. It was 
his opinion that records obtained by esophageal leads are akin to electro- 
grams and therefore give more accurate data as to the onset and dura- 
tion of activity in the auricles than do the standard electrocardiograms. 
With this method he found that the Ta-waves in the esophageal curves 
extend well into the period in which the QKST waves are written and 
frequently exert some influence on the KS-T segment. 

As has been stated before, examination of the electrocardiographic 
records of experimental premature auricular contractions reveals that 
stimulation of the right auricle produced upright aberrant P-waves in 
Lead I, whereas stimulation of the left yielded negative deflections. This 
is understandable if we compare the two auilcles to a single hollow tube 
of muscle lying across the ehe.st, grossly parallel to the lead line of 
Lead I, and being excited at one or the other end. In those instances, 
then, in which the impulse arises in the right auricle, either in its normal 
site, the sino-aurieular node, or in some ectopic focus, its predominant 
direction of spread would be across the auricles from right to left, and 
thus a positive deflection would be recorded in the conventional Lead I. 
The reverse, of course, would hold for premature auricular impulses 
arising in the left auricle, and consequently negative deflections would 
be obtained. As expected under these conditions, the level at wliich 
tlie excitation wave originated (i.e., with respect to tlie upper or lower 
portions of the auricles), in the dog at least, did not significantly in- 
fluence the contour of the ectopic P-wave in Lead I. 
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Comparable conclusions to the above could not be drawn for Leads 
II and III since the type of eur\m %vas generally the same in both leads 
(upright abeiTant P-waves) no matter in wdiieh auricle, or on which 
sui-face, the ectopic focus was situated. 

i\s in the case of analogous curves in the ventricles, the direction of 
the aberrant P-w'ave bears an inverse relation to the direction of the 
displaced P-Ta segment, when the site which wns previously stimulated 
is then cauterized. Thus, as has been stated before, in right auricular 
stimulation, aben-ant P-waves were obtained which were upright in 
Lead I and inverted in Leads II and III, while cauterization of the 
area from w4iieh the ectopic impulses arose I'esulted in P-Ta plateaus 
which w’cre depressed in Lead I and elevated in the other twm. The ex- 
planation wLieh has been applied to similar phenomena in the ventricles'* 
can equally well be utilized for the changes in the auricles; for in brief 
it depends upon the fact that both excitation and injury of tissue develop 
relative negativity at the site of application and are thus in the same 
phase. Since the P-Ta displacement represeni.s the negative variation 
of the current of injury (i.e., is opposite in sign to the latter) it must 
also be inverse in direction to the aberrant P-w'avcs obtained by pre- 
viously stimulating the region. 


SUXIirARY 

The electrocardiographic changes following artificial stimulation and 
cauterization of the auricles were .studied in a series of si.x eats and five 
dogs. 

It was found that on cauterization of the auricular wall, a displace- 
ment in the position of the normally isoelectric line i)rcsent between 
the P and K-waves, Avas consistently produced. This portion of the 
electrocardiogram, designated as the P-Ta segment, became elevated in 
Lead I Avhen the left auricle was the site of injury and depressed in 
this lead on cauterization of the right auricle. In Leads TI and III, the 
P-Ta segnent assumed a depressed position regardless of Avhich auricle 
was traumatized. The changes in the position of the P-Ta segment Avere 
considered to represent the negath'e Amriation of the auricular current 
of injury and the type of alteration was compared AAu'th that obserA'ed 
in the R-T transition folloAAdng damage to A-entricular muscle. 

It AA'as found that the P-Ta segment change produced by auricular 
trauma did not end Avith the onset of the R-AvaAm, but instead extended 
for some time into the period of A'entricular actiA'ity. This obseiwation 
confirmed the A-icAV, held by other investigators, that under normal con- 
ditions the terminal portion of the recoveiy period of auricular actiA'ity 
is not ordinarily A'isible in the electrocardiogram since it occurs during 
the period in Avhich the A-entricular complexes are inscribed. 

Upon artificial stimulation of the auricles, it Avas found that the direc- 
tion of the aberrant P-AA-aA'c in Lead I generally depended upon the lo- 
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cation of the site of origin as to one or the other auricle; being positive 
for instances of right auricular excitation and negative for left. In 
Leads II and III, the aberrant P-wave was positively directed for all 
sites on both auricles. 

"When the results of stimulation and cauterization of the same site 
were compared, it was observed that the direction of the aberrant P-wave 
had an inverse relationship to the direction of the displaced P-Ta seg- 
ment (obtained vdth normal sinus rhjdhm). 

We 'svisli to express our gratitude to Air. Josepli Marrus for his teelraical assistance 
in carrying out the preliminary experiments. 
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CONGENITAL TRANSPOSITION OF THE GREAT 
ARTERIAL TRUNKS’^ 


Donald W. Ingiiam, M.D.,i and Fkedutck A. Wiluus, M.D.$ 

Rochester, Minn. 


T he publication of records of unusual congenital cardiac defects is 
of value in augmenting the literature available to workers who are 
particulai’]}’’ interested in this phase of heart disease. Congenital 
heart disease .should be of more than academic interest. Recognition 
of the presence of these abnormalities in the living patient is of great 
practical value, and can he achieved on]}’’ by constant clinical alert- 
ness and by the correlation of information obtained at post-mortem 
examination with physical signs and .symptoms. 

Transposition or incomplete torsion of the great arterial trunks 
consists of an alteration of the relalions of the Auseular tninks to each 
other and to the ventricles from which they normally arise; it is the 
result of a failure of normal rotation to occur duilng the early stages 
of cardiac development. Simultaneous with formation of the septum 
and with division of the heart into its chambers, there is a division 
and torsion of the common arterial trunk. The result of incomplete 
torsion is congenital tran.sposition of the arterial trunks. Normally, 
the rotation proceeds clockwi.se and eventually describes an angle of 
180 degree.s, which is the mechanism that determines the relative posi- 
tions of the pulmonary artery and aoi-ta in the fully developed normal 
human heart; that is, the pulmonary artery arises from the right 
ventricle and anterior to the aorta. It is evident that if the process 
of torsion is impeded in its course or is not completed, any combina- 
tion of positions of the pulmonary artery and aorta may result. 


Rokitansky^ recognized and described three types of transposition 
and his classification Avas used until Spitzer’s obseiwation.s- Avere pub- 
lished and his classification Avms adopted. In Rokitansky’s classifica- 
tion, dextroposition of the aorta aa^s considered as an entity apart 
from the group of anomalies classified under transposition, but Spitzer 
classified dextroposition of the aorta as Type I Reitende Aorta. This 
anomaly con.sists of an aorta that occupies a straddling position over 
a septal defect and receives blood from both ventricles. Type II of 
the classification of Spitzer corresponds to partial transposition as 
classified by Rokitansky in Avhich both vessels, the aorta and pulmo- 
nary a rteiy, arise from either ventricle, and is associated Avith a septal 
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defect. The vessels may be steiiosed or dilated but rareh’ are they of 
normal caliber. If this anomaly is accompanied b}' a pulmonaiy 
artery of normal caliber, it constitutes another anatomical complex, 
intermediate between Fallot’s tetralogy and Eisenmenger’s complex; 
the former is associated with a stenosed pulmonary artery and the 
latter with a dilated pulmonary artery. 

Type III of Spitzer’s classification includes cases in which no degree 
of torsion has occurred, and represents complete transposition in the 
classification of Eokitansky. In this type, the arteries have a relation- 



Pig. 1. — Diagram of the heart in Case 1. Complete transposition of the great vessels. 

ship that is opposite to that of the normal one ; that is, the pulmonary 
artery arises from the left ventricle and the aorta originates from the 
right ventTiele. In these eases there may or may not be an associated 
iuterventricidar septal defect. 

Spitzer described Type IV as an anomaly comprising the complete 
defect of the interventricular septum in the cor biatriatum triloculare. 

INCIDENCE 

Of the 1,000 cases reviewed by Abbott'"* there were recorded 69 cases 
of transposition in which this lesion was uncomplicated. Fifty-three 
of these 69 cases wei-e classified as complete and 16 as partial trans- 
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position. Abbott stated in her 1932 monograpli that there occurred 
only ten instances of partial transposition in which both vessels were 
of normal caliber. 

Of the 87 major cardiac anomalies observed at The Mayo Clinic, 
thei’e wei’e five instances of transposition of the eat aiterial tinnlcs. 

REPORT OF CASE.S 

Case 1. — A white girl wuh born twenty dti}'." before adrni.ssion. No evidence of at- 
tacks of cyanosis nor convulsion.s wa.s given in the lii.story. Forceful vomiting had 
occurred occasionally. The day before admi.s.sion the infant had become fretful, 
nursed poorly, and the stools were of a loose consistency. Dyspnea and cyanosis 
developed and increased rapidly in .scwrity. Examination revealed a child acutely 
ill. cyanotic, and gasping for breath. No pliysical findings referable to the heart 
were recorded. Oxygen was administered with no aj(i)arcnt improvement of her 
condition and the child died thirteen and a half hours after admission. 



Fis". 2. — (Ca.se 2 ). Ele<;troc;irdlof:rani. Complete .'luriculoventricular di.s.soclatlon. 

At necrop.^y the heart was e.xarnined and weighed oO grn. Externally no gro.ss 
abnormalities were observed except that the right ventricle was more prominent 
than usual. The aorta originated from the right ventricle. This vessel was identified 
bj' the origins of the coronary arteries which were normal. The ductus arteriosus 
was pjatent and its lumen measured 2 rnin. The pulmonary arteiy originated from 
the left x'entricle and pursued its usual course. The venous struetures v.'ere normal. 
The thickness of tlie riglit ventricular wall was O..o cm.; that of the left ventricular 
wall v,-as 0.8 cm. Tlie interventricular septum was intact and the foramen ovale was 
closed by a thin membranous flap. Tiie aorta was to the right and in front of the 
pulmonarj- artery (Fig. 1). 

Case 2.— A wliite boy wlio had been delivered at full term was admitted for 
examination. Hjs deliverv- wa.s normal and bis birth v.-eight v.-as 7 pounds and .3 
ounces ('4.Z kg.). Examination at birth reve.aled fair color, absence of the left 
external auditor>- canal and a rudimentary left ear; there was a dermoid at the 
temporal limbus of the left eye, the face was drav.ri to the right .side and a cx'fit 
derived from the left branchial cleft was pre.«mt. A systolic murmur, which became 
more pronounced shortly tefore rleath, v.-as heard over the 1/aso of the heart; the 
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pulse was irregular and the rate was sixty beats per minute. The electrocardiogram 
indicated the presence of complete aurieuloventricular dissociation (Fig. 2). Foent- 
genogi-aphic studies indicated that the stomach was in the right side of the abdominal 
cavity (situs inversus). Also a widening of the upper mediastinal shadow toward 
the right side of the thorax probably repre.sented the thymus gland. The child 
failed to gain and marked cyanosis develoimd. On the eighteenth day after birth 
breathing became shallow and rapid, the cyanosis deepened, and tlie child died. 

At necropsy the heart was found to occupy a normal position but the aorta curved 
downward on the right side. The heart was globular in shape, apparently equally 
divided into right and left ventricle. The endocardium appeared normal. The pul- 
monaiy veins entered the right auricle which appeared normal. The right auricle 
communicated with the riglit ventricle through a normal tricu.spid valve. The foramen 
ovale was partly closed bj’ a fene.strated mendjrane. The ductus arteriosus was 
patent; its lumen measured 3 mm. in diameter. The venae eavae entered the left 
auricle which communicated with the left ventricle by a normal mitral valve. The 
left ventricle gave origin to the pulmonary artery which had a bicuspid valve. 
The systemic aorta originated from the right ventricle and had normal valves and 
coronary origins. Tlie aorta oecuined a position to the right of, and anterior to, 
the descending aorta. There was an interventricular septal defect which measured 
3 ram. in diameter. 

Case 3. — A normal boy, born at full term three months before, was brought for 
examination. His delivery had been spontaneous and his weight at birth had been 
S pounds (3.G kg.) ; he had been c 3 'anotie since birth. He had nursed well and had 
gained weight until one week before his admission to the ho.spital. At the time of 
his admission ho was acutelj' ill, with cj-anosis of the lips and fingers. Eespiration 
was rapid and shallow and a s.vstolic murmur was audible over the base of the heart, 
with its maximal intensity over the sternum. Scattered rales were heard over the 
entire thorax. Eoentgenologic examination gave evidence of enlargement of the heart. 
The child was placed in an oxj'gen tent. His condition temporarilj' improved, then 
became progressivelj' worse and he died six daj's after admission. 

At necropsj' the heart weighed 01 gra. and was brownish junk in color. There 
was no increase in epicardial fat. The right auricle appeared slightlj- dilated. 
The tricuspid valve appeared normal. The aorta Avas identified bj' tlie origin of the 
coronaiy arteries Avhich arose in a normal manner. Tiie aorta issued from the right 
ventricle and its orifice Avas normal. The pulmonaiy artery arose from the left 
ventricle and communicated with the aortic arch bj’ a patent ductus arteriosus. 
The foramen ovale AA'as open and the interA'entricular septum AA’as intact. The vena 
cava and pulmonarj' A’cins Avere in normal relationship to the auricles. The pulmonaiy 
arteiy Avas to the right of, and anterior to, the aorta. 

Case 4. — A Avhite boy, one month of age, whose birth had been normal, Avas ad- 
mitted to the clinic. CA’anosis had not been noticed until three days after birth. 
Eespiratoiy difficult}- had developed at that time and roentgen therapy had been 
instituted on the basis of the diagnosis of an enlarged tlymus. At the age of 
ten daj-s, enlargement of the heart had been aiiparent and a murmur had been 
heard. Examination at the time of admission revealed an acutely ill child gasping 
for breath and markedlj- cj-anotic. A sA-.stolic murmur AA’as heard oA’er the apex of the 
heart and rfiles were heard over the bases of botli lungs posteriorh-. An electro- 
cardiogram gave eA-idence of marked right A-entricular iireponderance, and the P- 
AvaA-es AA’ere exaggerated in Lead II. The patient graduall.v failed in health, and 
death occurred tAvo daj’s after admission. 

At necropsA' the heart Aveighed 70 gni. and its color Avas bro\A-uish red; there 
AA'as no excess epicardial fat. The A-entricIes appeared to be equal in size. Tlie 
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right auricle received the venue cavue in u iionnul manner and communicated with 
the right ventricle through a normal tricuppid valve. The aoita tirose from the right 
ventricle and its oritiee was guarded by three normal .‘^emilunar cusp.S. The coronary 
arteries arose behind these cusps, one from the left sinus of Valsalva, and one from 
the posterior i^inus. The pulmonary artery arose from the left ventricle and com- 
municated with the aorta by a patent ductus arteriosus. The cusps of the pulmonary 
artery were normal in position and .structure. The foramen ovale admitted a probe. 
The aorta was at the right of and anterior to the pulmonary artery. The interven- 
tricular septum was intact. 

Ca.se 5 . — A well-dovelojied while boy, .seven months of age, was admitted for 
examination. His birth had been normal, no ditliculty in resu.scitation liad occurred, 
and there had been no cyanosis. He had progres.sed well for two months and then 
had begun to have vomiting .spells accompanied by cyanosis. Jloentgen therapy 



Eig. 3. — (Ca.se 5). Both aorta and pulmonarj' artery ari.sinjj from the right ventricle; 
both ve.'.sel.s .are of nomiai caliber. 


applied over the thymus did not improve hi.s condition. I'ocntgenological studie.s 
at that time revealed the stomach to be on the right side of the abdominal cavity. 
Response to treatment for pyloric ob.struction was poor and the patient was removed 
to a ho.spita]. At the time of adrni.s.rion the child was poorly nouri.shed, mentally 
alert, but with du.sky .skin. A systolic murmur was heard over the ba.se of tlie heart 
and the murmur was not transmitted. AMiile the patient was in the ho.spital, otitis 
media and broncliopneumonia supervened and he died three weeks after admi.s.sion. 

At necrop.sy the lie.'irt occupied its nonnal po.sition in the thoracic cavity, weighed 
100 gm., and was reddi.^h brown. It was globular in shape and appeared to Iiave 
a large right ventricle and a small left ventricle. The cormistency of the muscle 
was normal. There wa.s no streaking in the muscle laver and Uie appendages, 
endocardium, and valve.s were normal. The inferior and superior venae cavae 
originated in the right auricle, in their normal positions. The coronarv sinus was 
also in normal position. The foramen ovale was closed ccxcept for a slit-like patency 




INGHAiE AND WILLIUS ; TRANSPOSITION OF ARTERIAI/ TRUNKS 487 

wliicli was well guarded by a thick membranous flap. The cavity of the right 
ventricle was approximately five times the size of the left. The tricuspid valve 
measured 5.5 cm. and was normal in its relationships. Tlie wall of the right 
ventricle measured 1 cm. in thickness Avhile that of the left measured 0.75 cm. 
Both the pulmonary artery and the aorta were of normal caliber and arose in the 
right ventricle (Big. 3). The aorta was identified by the origins of the coronary 
arteries which were in normal position. The aorta was situated to the right of and 
dorsal to the pulmonary artery. The ductus arteriosus was represented by a mere 
fibrous cord and there Avas a dimpling of the intima of both the aorta and pulmonary 
artery over the respective points of junction with the ductus arteriosus. The left 
auricle receiA'ed the pulmonary veins and communicated with the small left ventricle 
through the mitral orifice ivhich Avas guarded by a competent bicuspid Amh'e 
Avhich measured 3 cm. There Avas no jjoint of exit from the left A’entricle except by 
AA-ay of a patent interventricular septum; tliis opening measured 1 cm. in diameter 
and represented comiflete absence of the membranous septum (Fig. 4). Tlie vah-es of 



Fig. 4. — (Case 5). The same heart as that represented in Fig. 3 A'icAA-ed from the 
left ventricle. A probe extends through the inteiwentricular septal defect. 

the aorta and the pulmonary artery were normal and there Avas no stenosis nor 
dilatation of either vessel. A blood A'essel Avliich measured 3 mm. in diameter 
originated from the posterior surface of the arch of the aorta. Tlie destination of 
this blood A'essel could not be determined. The blood A'cssel maj' liaA'c represented 
the remnants of the fourth left aortic arch. 

This case represents Type II of fSpitzer’s classification or a partial 
transposition according to the older nomenclature of Rokitansky. 

DIAGNOSIS 

The anomaly Avith AA'hich this paper is concerned is one of the group 
of anomalies associated Avitli cyanosis and has no characteristic physi- 
cal signs nor sjnnptoms ; hoAA'ever. the presence of situs inA-ersus and 
cyanosis in a child should make one suspect that a congenital cardiac 
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anomaly exists, pavlicnlarly transposition. Various iriumurs asso- 
ciated with this anomaly liave been cle.so'ibed but none is pathog- 
nomonic. Tlie murmnrs probably originate from the defective septum 
which is usually pi-esent, rather than because congenital transposition 
exists. In approximately a third of the eases in which a stenosis of 
the pulmonic valve is a feature, a systolic murmur is heard over the 
second and third left intercostal .spaces near the sternum. This mur- 
mur may be transmitted toward the left shoulder and is accompanied 
by a thrill. The murmur is often confti.sed with that associated with 
a patent ductus arteriosus but the presence of cyanosis is a condition 
that favors making a diagnosis of stenosis of the pulmonic orifice. The 
electrocardiogram indicates the presence of right ventricular pre- 
ponderance but again this is not characteristic of congenital trans- 
position. 

PROGNOSIS 

The patients afflicted in the manner de.scribed here seldom live be- 
yond childhood although rarely they have lived to middle age. The 
presence of an interventricular septal defect is associated with a slight 
increase of the life span, and is therefore an asset to these patients, 
TJie majority of patients, however, die within a few days or weeks 
after birth. 

sujimauy 

In this study, five eases of transposition of Die aiderial tiainks are 
presented (Table I). There are four eases of complete transposition 
according to the older cla.ssification of Eokitansky, and one ease of 
partial transposition of the arterial trunks. Thus, according to Spit- 


I 

SrMM,\I:y OF CA.SK.S 


1 20 days t'einale Complete 

transposition 

2 18 days Hale .Complete 

I transpo.'-ition 

3 '3 months 'l^Iale Complete 

1 and 0 , transpo.sition 

: day.s 

4 ;] month ilale Complete 

2 ; transposition 

1 days 

5 7 months Hale Partial 

•'* , transposition 

iveeks 


P.'itcnt Closed Closed None 

Patent Patent I’atent .Systolic 

» ! ' ' 

Patent iPatent Closed Basal 
i ' : ; systolic 

Patent d^atent Closed Apdcal 
• , systolic 

Clostjd Patent Patent dJasal 

' svstoHc 


5 inversus 
'None 


'Situs 

inversus 
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zer’s more recent classification there are four cases of group III, rep- 
resenting a lack of torsion of the arterial trunks, and one case of 
group II, representing partial torsion. 

The youngest patient Avas eighteen days of age and the oldest lived 
for seven months. In four of the five cases, the ductus arteriosus was 
patent hut in one case it was represented by a mere fibrous cord and 
there was dimpling of the intimal surface of the pulmonary artery 
and aorta over the respective points of junction with the ductus 
arteriosus. In one case the foramen oAmle was closed by a thin mem- 
brane, and it was but a slitlike opening in another case. 

The interventricular septum was intact in three of the five cases 
and patent in two of them. The patency was attributable to an ab- 
sence of the membranous portion of the septum. Sj'stolic murmurs 
Avere audible in four of the fiA'e cases, but the patency of the fetal 
passages might Avell account for these murmurs. In tAvo cases there 
Avas associated situs iiiA'ersus. In four of the fiA'e cases the diagnosis 
of congenital heart disease Avas made AA’ithout qualification before the 
patient died. The electrocardiogram indicated the presence of auricu- 
loA’-entricular dissociation in one case in Avhich an interventricular 
septal defect existed. 
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LEFT AXIS DEVIATION IN DROPPED HEART* 


W. A. SoDEjrAx, M.D., axu G. E. Burch, 3I.D- 
NUW OHLKA.SS, La. 


T7' IS {generally slated hi the literature that the effect of habitus upon 

the elect roeanliofrraTii is .siieJi that a byper.sf lienie build fends to 
jn-odiiee left axis deviation, whereas an asthenic build shows a tend- 
ency towai’d rifrht axis deviation.^' ^ However, cardiac disease may 
so modify the eljeetj'oeardioc'ram that tlie effect of habitus is overcome. 
We have recently seen two asthenic patients who xmesented no evi- 
dence of lieart disease but in whom the electrocardioffram displayed 
definite left axis deviation. Our inability to find similar ca.ses in the 
literature has prompted us to report this findin^r. 

Both patients were young adults, one a female thirty years of age, 
and the other a male of twenty-five, v.djo had essentiall}’’ the same 
symptoms. Thew complained of palpitation, ease of fatigue, and ano- 
rexia. The present and past histories di.'^closed nothing ctiologieally 
significant in heart disease. The physical examijiation in both in- 
stances was entirely normal. Both patients were of the asthenic 
habitus. There were no abnormal cardiac findings on physical exami- 
nation, Fluoroscopic examination of the che.st revealed a markedly 
dropped type of heart. Electrocardiograms were taken as part of the 
routine examination (Fig, 1), A diagnosis of neurasthenia was rriade 
in both instances. 


DI.SCU.S.STOX 

Lett axis dcMation i.s usualK' due to one of two factors, cardiae 
disrdacernent or left ventricular hj-pertrophy. Elevation of the left 
leaf of the diaphragm, whether due to habitus, di.sease, re.spiration, 
or any increase of intra-abdominal pre.ssure, rnav produce counter- 
clofi^kwise displacement of the heart with a tendency toward left axis 
deviation. Clockwise displacement has the opposite effect,^ In our 
patients ptosis of the heart would be expected to produce the latter 
effect. This was not borne out by the eleetrocardiograras (Fi^^ 1) 
It IS well known that any disease which will produce hypertrophv of 
the lett ventricle and disturb the normal relationship hetvre^n the 
muscle masses of the left and right ventricles will tend to produce 
irt^i.s deviation. Such a factor could more than neutralize a tend- 

'I->orr. th. of Mo^IIoIno. .Sohool of MorUcIno, V^lver^Hy. 
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ency toward riglit axis deriation produced by ptosis. Our patients 
showed no evidence of left ventricular liypertropliy nor any etiological 
factor known to produce left ventricular strain. Since the above fac- 
tors cannot explain the left axis deviation, an interiiretation must be 
sought elsewhere. 

There is adequate experimental evidence to indicate that at least 
two other factors may influence axis deviation. These are lateral 
shift of the entire heart and rotation of the heart on its longitudinal 
axis., Kountz and associates'* have shown in revived human hearts 
that shifting of the heart to the right gave a left axis deviation, and 
shifting to the left, a right axis deviation. Fluoroscopic examination 
of both of our jiatieuts failed to reveal any evidence of lateral dis- 
placement of the heart. 

If one views the teleoroentgenograms of an asthenic and a hj’-per- 
sthenic patient, it is clearly seen that the total muscle mass of the 



A. B. 

Figr. 1. — Electrocardiogrram ilhi.strating' left axis deviation in a normal female (A) and 
male (R) of asthenic habitns vitli cardiac ptosis. 


asthenic heart is farther to the right even though the right border is 
not displaced to the right. The muscle mass is also more caudad. 
Such displacement appears to be about a fixed point as a fulcrum at 
or near the base of the heart. If this fulcrum were fixed, the motion 
would be about a fixed point and the remarks already stated concern- 
ing clockwise and counterclockwise motion would hold. However, if 
the fulcrum were movable, at least to some extent, an effect of lateral 
shift of the entire heart might come into play. Obviousl,y, in patients 
the predominant motion is of the former type. If it were in some in- 
stances of the latter type, an explanation of left axis deviation would 
be evident. We have no evidence to confirm or deny .such a mecha- 
nism in our patients. 

Ackerman and Katz' demonstrated a complete reversal of QRS in 
Leads I or III when the heart of the dog Avas rotated on its OAvn longi- 
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tncliiia] axis. With the right ventricle anterior, left axis deviation was 
found; with the left ventricle anterior, right axis deviation. Such 
changes occurred with rotation as little as 50°. IMotion of this type 
cannot he observed in the intact individual. It is hardly conceivable 
that the hearts of the asthenic and hypersthenic indiA'iduals differ 
only by position in one plane, or that the hearts of all asthenic or 
hypersthenic individuals re.st upon the .same longitudinal axis. Upon 
those bases, Nathansonf^ explained the inconsistency in the change in 
electrical axis with change in position of the body. One can readily 
see that right or left axis deviation may theoretically occur in patients 
with dropped hearts, depending upon the summation of the above 
factors. 

SU5IWAHY 

The occurrence of left axis deviation in a patient with dropped heart 
does not nece.ssarily mean cardiac hypeidrophy. The known effects of 
change in ceirdiae position upon the electrocardiogram can adequately 
e.xplain .such a finding. 
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DEXTEOCAEDIA WITH SITUS INVERSUS CO]\IPLICATE D BY 
HYPERTENSIVE AND CORONARY HEART DISEASE 

Bexjasiix I\Iaxchester, ]\[.D., Washixgtox, D. C., axd 
Paul D White, M.D., Bostox, Mass. 

pvEXTROCARDIA with or without situs inversus is an uneonunon 
but not a rare condition. Its association with In^iertensive and 
coronary heart disease is, however, so unusual, particularly in its effect 
on the electrocardiogram, that we are presenting a case herewitlv. 

A number of historical reviews have been published on the suliject of 
dextrocardia itseK. Of historical interest is the fact that Aristotle^ ob- 
served transposition of viscera in animals. Fabricius’ (1606) and 
Severinus® (1643) were apparently the first to describe dextrocardia in 
the human. Marie de Medici was one of two cases with this congenital 
anomaly reported by Riolanus® in the seventeenth century. Senac' 
(1749) was the first to classify dextrocardia into the acquired and the 
congenital tj'pes. 

Since the early part of the nineteenth century important contributions 
have been made to the clinical recognition of isolated dextrocardia and 
dextrocardia with situs inversus (Kiichenmeister,'* 1824, and Bouillaud,- 
1835). The first to employ roentgenography for the recognition of 
this condition was Vehsemeyer** (1897). Waller’® (1889), who was the 
first to obtain a tracing of the action current of the human heart by means 
of the capillary electrometer, was also the first to obtain such tracings 
in two cases of dextrocardia with situs inversus. He showed that in such 
cases the usual Lead I is inverted and Leads II and III are transposed. 
This finding, in the absence of complicating heart disease, has been re- 
peatedly confirmed since. • 

The clinical incidence of dextrocardia, presumably with situs inversus, 
was pointed out by Le Wald to be one in thirty-five tliousand physical 
examinations of recruits for the United States Army. Still more infre- 
quent is the association of dextrocardia with acquired functional or 
organic defects of the cardiovascular system. Willius” recently de- 
scribed dextrocardia with situs inversus and hyiiertension. The purpose 
of the present report is to record the hitherto undeseribed association of 
dextrocardia with situs inveusus, hypertension, and coronary disease. 

CASE REPORT 

C. H. W., a sixty-.'^cvcn-year-okl American unemployed chef, was i-een by us 
Sept. 20, W37, because of a cold and a nonproductive cough of si.x days’ duration. 
In 1927 he had had a nosebleed and at that time he was first told tliat he had high 
blood pressure; lie has been treated for the hypertension ever since. He had passed 

in.”. 
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an insurance examination in 1922. In 1934 l>e began to have dyspnea on walking up 
one flight of stairs. In June, 1935, while working as a chef he lost consciousness for 
an undetermined length of time. On regaining consciousness, he had no paralysis. 
He was able to dress and go home unassisted. Tor several weeks following this ex- 
perience, he was treated in bed for a “blood clot on tlie brain. “ He has had no 
recurring syncopal attacks. He began to .sulTer from .sharp, penetrating pain over tlie 
left breast on effort or excitement soon after his syncopal attack in 1935, TJie pain 
is severe, lasts a few minutes, doe.« not radiate, .and is relieved quickly by nitro- 
glycerine, grain 1/100. There has been no edema of the ankles or recent weight loss. 
His present weight is 108 pounds and his best weight has been 197 pounds. Ho has 
lost 30 pounds in two and a half year.s, without dieting. He uses tea, coffee, and to- 
bacco in moderation, but no alcohol. 



vprsii?' ^emonstratinj? coneenltal dextrocardia with .sltu.s in- 

nortfl 'tsn of the left ventricular type and increased density of the 

-ire the nsht of tlie upper .sternum. The lung markings 

oPthe Teft le^f of the^lia1dua'l4°"' o” the right and the high position 


He has had mumps, pertussis, malaria in 1907, pleurisy in 1934, erysipelas in 
19.>G, and pneumonia twice in 19.16. There have been no operations or injuries. He 
was left handed in youth. 


Family Uisionj. Father died at fifty-two year.s, and mother at sixty-four years; 
t le causes of their deaths are unknown. One brother was buried in a mine disaster, 
rhere is no histoiy of consanguineous marriage. 

Physical Examination. —Thu patient was a moderately well-developed and well- 
nouri.riied sixty-.^-even-year-old white male, nervous, and not acutely ill. His tem- 
jiera urc tras 98 6° F. His pulse was regular at a rate of 72. The respiratory rate 

was 20. His blood pressure was 270 systolic and 130 diastolic. Ho weighed 168 
pounds dressed. ® 
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' Except for dental caries and an increased carotid pulsation, tlic examination of 
t.lie head and neck showed notliing abnormal. 

The chest was emphysematous, and tactile fremitus and pulmonary resonance 
were unimpaired over the lung fields. Below the right fifth rib anteriorly and over 
the right upper quadrant tympany was elicited; below the left fifth rib anteriorly 
and down the costal border dullness was present. The breath and voice sounds were 
normal; an occasional sibilant rale was heard anteriorly. 

Heart . — Tlie maximum apex impulse was found in the right fifth interspace in the 
anterior axillary line 11.5 cm. to the right of the midsternal line. The midclavicular 

A. B. 



Eig-. 2. — A. Electrocardiogram (Leads I, II, III, and IV*) showing normal rhythm, 
inverted Pi, marked right axis deviation (due to the combination of congenital dex- 
trocardia and hypertensive heart disease), and changes due to coronary disease 
(upright Ti, prominent Q:, high origin of T:, low’^ Ts, and inverted T^. See text. 

B. Electrocardiogram with Leads I, II, and III taken with a reversal of the arm 
wires — to "correct” for the dextroca,rdia. 

Time Interval equals 0.1 second, amplitude 1 mm. equals 0.1 millivolt. 


♦Lead H'’ taken accoi'ding to the new method with exploring electrode at the cardiac 
apex, indifferent electrode on the right arm, and polarity so arranged that positivity is 
represented by upstrokes and negativity by downstrokes : the normal Lead IV has a 
diphasic QRS-wave with upright first phase (R) and an upright T. 


line was 9 cm. to the right of the midsternum. The apex impulse was localized, 
forceful and regular. The left border of dullness was 4 cm. to the left of the 
midsternal line in the fourth interspace. There was no supracardiac dullness. There 
were no thrills. The heart sounds were distant over the left chest; over the right 
chest the heart sounds were loud at a regular rate of 72. The second sound in the 
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left second interspace* was greater than tliat in tlie right second interspace. A 
slight systolic murmur was heard at the apex. The pulses were full and equal. ^ The 
blood pressure was 270 systolic, 130 diastolic, without alternation. Vigorous axillary 
and brachial pulsations were present. 

The abdomen was Oat; tliere was no tenderness or rigidity, and abdominal organs 
were not palpable. The right testicle was lower than the left. 

Except for an irregular melanotic ingmenlation and numerous varicosities, the 
extremities were normal. 

The refle.ves were actii’c and equal. 

Fluoroscopic Examination .— heart was completely transposed, the mirror 
image of the u.sual position. I'lic loft border of the heart was blunt and rounded ; 
the right border was sharp with a prominent apex visible in llie right chest. 'I’he 
aorta was .slightly increased in density and extended upward to the right. The 
retrocardiac space and aortic, arch were visualized in the right anterior oblique view. 
The right leaf of the diaphragm w.as lower than the left; the stomach with its gas 
bubble was seen on the right; the liver was on the left. The lung fields and hilar 
shadows appeared normal; the diaphragniat ic excursion was normal. 

Teleroentgeiiographic Examination. — Thi.s was confirmatory of the fluoroscopic 
findings noted above (Fig. 1). 

Electrocardiographic Examination . — Normal rh 3 'thm, ventricular rate m. Inverted 
P-waves in Lead T, inverted QRS-waves in Lead I, marked right axis devia- 
tion, slight widening and notching of the QKB-waves in Lead.s II and III, 
prominent Q-waves in Lead II, upright T-waves in Lead I, high origin of the T-waves 
in Lead II, low T-waves in Lead III, late deep inversion of the T-waves in Lead IV 
(Fig. 2). 

DKCU.S.SION 


The recognition of dextrocardia -vvitii .situs invcr.su.s in thi.s ease de- 
pended upon the physical examination, the visualization of the trans- 
position of the heart, the stomach, and the liver by roentgen ray, and the 
inversion of the P-waves in Lead I of the electrocardiogram. 

The presence of hypertensive heart disease was recognized by the 
elevated blood pressure and the enlargement of the heart on physical and 
x-ray examination, and was suggested by the unusually marked right 
axis deviation in the eleetrocardiogi-am in the pre.sence of congenital 
dextrocardia. 


The diagnosis of coronary heart di.sease was made upon the historj'^ 
of pain Just to the left of the .stenium caused by effort or excitement and 
relieved by nitroglycerin, and upon the unusual electrocardiogram. 

The electrocardiogram is of particular interest and is apparently 
unique. In the uncomplicated ca.sc of congenital dextrocardia with the 


situs inversus the electrocardiogram shows merely total inversion of 
Lead I (P, QRS, and T) and transposition of Leads II and III. The un- 
usual features of the present electrocardiogram are the marked ampli- 
tude of the inverted QR8 in Lead I (due to the acquired heart disease 
superimposed on the dextrocardia), the upright which Is to be inter- 
preted as a “coronary T,” the prominent Q, and high origin of Tj, which 
would ordinarily signify “Q,T, coronary change.s,” the low T, having 

•Actually the aortic area, because of the tramsposition. 
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tlie same significance as a low T„ in the case of a heart normal in posi- 
tion, and. a deeply inverted (Lead IV being taken in relation to the 
heart position exactly as in the normal 23erson). The exact correlation 
of the electroeardiograiDliic changes with damage or coronary insufficiency 
in any one or more areas in the heart muscle is difficult, as so often 
occurs in a chronic case. The changes in Leads I and II (the usual Lead 
III) suggest that both apical (or marginal) and basal areas are affected. 
The presence of E.i tends to rule out the existence of a large apical sear. 

smniARY 


A case of a man, sixtj*-seven years old, is presented with congenital 
dextrocardia and situs inversus complicated b 3 ' In-pertensiA'e and 
coronary heart disease. The electrocardiogram is of particular interest 
since it shows the effect of the various conditions cited. We have found 
no other such case recorded. 

ScPPLEiiEXTAKV NOTE. — Since the completion of our paper there has appeared an 
interesting case report hy Crawford and Warren of a patient with congenital 
dextrocardia and situs inversus complicated by coronary thrombosis. The electro- 
cardiogram, however, is quite different from ours for trvo reasons: In the first 
place, in their case the infarct was evidently situated at the base of the left ventricle 
with inversion of the T-waves in Leads II and III, and Lead I was normal; in the 
second place, there was no abnormal axis deviation after correction for the dextro- 
cardia. Tims, both their case and ours are unique. 

Crawford, J. Hamilton, and Warren, Charles Ford: Am. Heart J. 15: 240, 193S. 
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AX UNUSUAL P-AVAVE IN LEAD IV^' 

George Gertx, AI.D. 

Chicago, Tee. 

R ecently, an unusual contour of the P-wave was encountered in 
Lead W. wliicli was considered to indicate a shift of the heart’s 
position to the left with an approximation of the right auricle to the 
chest wall in the neighborhood of the precordial electrode in the 
fourth interspace to the left of the sternum. This interpretation was 
confirmed by the roentgenogram. It is felt that this peculiar P-wave 
is of sufficient intei-est to merit the reporting of the case in which it 
was found. 



Fit?. E 


CASE REPORT 

.^I. F., a colore<l male, aged ,‘fi.xty-five, was admitted on Dr. tV. Buehbindcr’s 
.“en-ice, r-oraplaininy for two months of .sliortne.sH of t^rcath, cough and swelling of 
the ankles. The cough was productive and the patient was orthopneic. TJierc was 
slight clubbing and cyrsnosis of the fingertip.?. The neck veins were di.stendcd and 
the patient vriis ederaatou.s. There wa.s limitation of respiriitor}- motion of the left 
upper cJiobt %’fith impairment of re.sonance in thi.s area. Thcro were coarse, moist 
rahs at the Ijufo of both lung.=. The heart was moderately enlarged to the left 
and the basal dullne.=s was widened. A sv-stolie murmur and a protodiiistoVic gallop 
were beard over tbe ba.'-c of (be heart. Tlie blood pres-iiro was 390/E'i0 and the 
blood Was.sermaiiJi reaction was negative. 

•FTom the Cardiovascular Department Michael Reese Ho.-!pltaE 
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An x-ray plate was taken wliile the patient was in the liospital (Fig. 1) and 
sliowed a cardiotlioracic ratio of 15.7/27.0. There was prominence of both tlie left 
ventricular and pulmonary bows. The aorta was of the .short squat type. Calcified 
deposits Avere present in both axillae and cervical regions. The entire upper lung 
field from the second rib anteriorly up to the apex was densely clouded and con- 
tained large plaques of calcified deposits. On fluoroscopy, these plaques were found 
to be in the posterior half of the lung field. There was retraction of the trachea 
and .superior mediastinum tOAvard the lesion in the left upper lung field. This 
roentgenogram AA'as interpreted as being indicath-e of old tuberculosis, Avith cal- 
careous deposits in the left upper lung field and traction on the heart by this 
lesion. The heart itself Avas considered to be abnormal. 

The clinical diagnosis was arteriosclerotic heart disease, hypertension Avith marked 
enlargement of the left ventricle, and congesth-e heart failure. After a short stay, 
the patient left the hospital improved in health. 



Fig. 2. 


COMMENT 

Tile electrocardiogram (Fig. 2) taken on Nov. 2, 1936, was inter- 
preted as indicating an abnormal heart. On the basis of P 4 , and 
vdthout knowledge of the other findings of the patient, this ivas inter- 
preted as follows: The diphasic P 4 looks like a P-wave which is 
recorded over the auricle and hence would suggest that the heart is 
displaced to the left. The P-ivave in Pig. 2 resembles the P-wave 
usually obtained when the precordial electrode is placed over the 
second or third interspace in the right iiarasternal line and also re- 
sembles in contour the type of wave reported by Wilson, jMacleod, 
and Barker,^ among others, when an electrode directh* on the exposed 
auricle is paired with an indifferent electrode at a distance. 
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With the precordial electrode placed in tlie fourth interspace to the 
left of the stermnn, a P-wave such as this has not been seen in any 
other of the more than 3,000 records taken at the Heart Station. It 
was considered that such a P-avoa^c should therefore indicate that the 
auricle in this patient had been shifted so as to lie close to the rcf'ion 
AA'here the precordial electrode aa'os located, hence it Avoiild folloAV that 
the heart had been displaced to the left. This surmise Avms verified 
by the roentgenogram, Avdiieh shcAA-^ed that the heart had been pulled 
OA'er tOAA'ard the left. This case seiwes to emphasize the importance 
of the heart’s position in determining the rdiaraeter of the electro- 
cardiogram obtained AA'ith preeordial electrodes. 

SUMMAKA' 

A case is presented shoAA'ing an unusual P-aavia'c in the fourth lead, 
AA'hen the pi’eeordial electrode is in the fouidh interspace to the left of 
the sternum. This consisted of a diphasic P-A\'aA’e AA’itli. sharp transition 
betAveen the tAco phases, resembling the type of Avave seen AAdien a 
luiipolar lead is employed Avith one electrode directly OA'er the auricle. 
In this ease the abnoi-mal P AA’as as.soeiated A\dth a displacement of the 
heart to the left caused by tractioii Avdiich resulted in placing the right 
auricle beneath the area of the precordial electrode. 

l Avish to acknowledge my indebtednc.ss to Dr. Louis X. TCatz, wlio tlr.st suggested 
the interpretation of the electrocardiogram, for his guidance in jireparing this report. 
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of Action and Injury Displayed by Heart .Muscle and Other Plxcitable ’’I'issue, 
Pniv. of Mich. Press; jip. 8-12 and Fig. .'!, Ib.'J.';. 



TWO-TO-ONE AND THREE-TO-ONE LEFT BUNDLE-BRANCE 
BLOCK IN THE PRESENCE OP AURICULAR FLUTTER 

Case Report* 

Frank B. Cutts, and C. Purcell Roberts, M.D. 
Providence, R. I. 

E lectro CARDIOGRA iMS revealing ventricular responses tliat 
alternately show iiundle-brancli block and normal intraventricular 
conduction in the presence of normal sinus rhythm and normal P-R 
intervals are distinctly rare. Reported instances include those of Lein- 
bach and White^ and Kellj’.- Cases in wliicii ventricular complexes of 
normal duration apiiear udth varying frequency in the presence of 
bundle-branch block are somewhat more common. Robinson’® has re- 
ported an instance of alternating normal intraventricular conduction 
and bundle-branch block in the presence of complete heart-block, and 
Wliite and Stevens” have recorded the appearance of transient bundle- 
branch block during a paroxysm of I’apid auricular flutter. However, 
we have not encountered in the literature or in the electrocardiograms 
of over 11,000 patients on file at the Rhode Island Hospital, the combina- 
tion presented by the ease herein reported. 

CASE report 

G. Sr., a sixty-five-year-old, unmarried salesman, was first seen by Dr. Alex M. 
Burgess on Aug, 12, 1930, complaining of recurrent lightlieadedness and faintness. 

A year and a half before, he had experienced some indefinite chest pain, at 
which time his physician told him he had a ’’heart attack” aiid kept him in bed for 
one week. Digitalis had been taken since, .sporadically. While there had been mild 
shortness of breath on stairs, there had at no time been any edema, cough, or palpita- 
tion. 

He stated that after lifting a lieaAw box nine days previously, he had felt sud- 
denly Aveak and faint — a symptom occasionally noticed on exertion for the past year 
and a half. There was no pain or dyspnea with this attack. The family history and 
past histoiy Avere noncontributory. Physical examination by Dr. Burgess included the 
folloAA’ing findings. The blood pressure Avas 152/S4. The heart rate Avas S4 beats 
per minute, A\-ith an irregular rhythm. No murmurs AA’ere heard, and there was no 
apparent enlargement. The lungs were clear, and there was no edema. Aloderate 
sclerosis of the retinal and peripheral arteries Avas present. 

ElcA-en days after his first visit to Dr. Burge-ss, he became dizzy and noticed dim- 
ness of vision AA'hile climbing stairs after a hard day. He per.«pired freely, felt some 
oppression in his chest, and AA-as apprehensiA’c. The next morning his physician found 
the blood pressure to be 190/110. The heart rate Avas 90, and the rhythm still irreg- 
ular. He AA-as advised to enter the Ehode Island Hospital for further studj'. 

He Avas admitted to the hospital on tlie same day, tAA-eh-e days after he had first 
been seen, and appeared comfortable and lay flat in bed AA'ithout distress. Examination 
rcA-ealed the same findings as before, except that the blood pressure had fallen to 
150/82. There AA-as no fcA-er. 

‘From the Heart Station of the Rhode Island Ho.«i)it;.iI, ProA-idence, R. I., under 
the direction of Dr. Fi-ank T. Fulton. 
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Laboratory data, including a Wa^sonnunn test, blood count, urine 
and Wood chemistry, provided no signitieantly abnormal findings. 

Orliiolinoroscopy revealed a promimmt aortic arch '""J 

total transverse diameter of tim heart rvus U.-t cm., and the mteinal 


examination, 

fields. The 

thoracic di- 


ameter mea.sured 23.-1 cm. 

The patient was fully dig 
uneventful .stay. Since tlion 
occasional faintness. He has 


italized and u;i.s di.seharged on Sept, ft, HWG, after an 
he lias been active and generally well. There is still 
continued to take one pill of digitalis (0.1 gin.) daily. 


DISCUSSION 

In Fig. J, Lead I, it i-s appareut that the ventrictilav rate is perfectly 
i-egular, and tliat every .second beat reveahs left bvindle-brancli block 
(netv terminology). Jn Lead II the .same condition prevails except in 



I-iy. l.-TIa- three standard loads taken Aue. 14, 19SG. The ventricular rate Ib 127, 
.and the auricular rate Zhi per minute (auricular (iutter with 2:1 block). Through 
mast of the tracing everj- Recond ventricular beat shov.-.s left bundle-branch block 
(2:1 and occasionally 3:1 left bundle-branch block). The normal ventricular re.sponse 
measurcB 0.08 see. ; the widened ventricular beats moa.sure 0,14 sec. One ventricular 
extrasy. stole is present in Le;nl III. 


two places, where two beats showing binidle-braneli block occur in sue- 
cession. Jn Lead III the rate is regular except for one venlraeular 
e.xtrasystole, and nonntd beats and those showing bundle-branch block 
alternate. Tliroughout the tracing the interval between ventricular 
beal.s approximatc.s 0.46 sec. Between the ventricular extrasy.stole and 
die preceding beat, the interval is 0.41 see., and between it and the follotv- 
ing beat the interval is O..o2 .see. The early oeeurrenee of tins beat is evi- 
dence of its identity a.s a ventricular cxtra.systole rather than as an 
dbeirant vonirieular raspion.se from a noz’mally conducted auricular im- 
pulse. 

How long the unusual condUion showm in Fig. 1 endured we do not 
luiow, a.s the next available tracing was taken eleven days later (Fig. 
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2A). At that time tiie ventricular rate had slowed, and the record 
presents the ordiiiain^ appearance of anricnlar flutter, with the ven- 
tricular rate controlled by digitalis. Following this, seven tracings were 
taken at intervals througli Dee. 4, 1936. All of these were very similar 
to that shown in Fig. 2A. The flutter persisted with a constant auricular 
rate, the ventricular rate vai\ying between 42 and 82 beats a minute. 
Bundle-branch block did not recur, and the QKS complex ahrays 
measured between 0.08 and 0.09 sec. On Aug. 27, 1936, carotid sinus 
pressure was tried and increased the block to 8:1 but did not alter the 
appearance of the ventricular complex. 

The final tracing. Fig. 2B, was taken fourteen months after that sho^vn 
in Fig. 1. At this time normal sinus rhythm prevailed, with frequent 
ventricular extrasystoles. The normally conducted ventricular responses 


A. 


B. 



Pig-. 2. — A, The throe standard leads taken Atiff. 25, 1936. Auricular flutter persists. 
The A-V block has been increased following- digitalis administraUon to 4:1 and 6:1. 
The -centricular I’ate is 54 per minute. Tlie bundle-branch block has disappeared, the 
QRS complexes measuring 0.08-0.09 sec. 

B, Tlie three standard leads taken Oct. 14, 1937. The auricular flutter has reverted 
to normal sinus rhythm with frequent ventricular extrasystoles, ^he conducted ven- 
tricular responses are slightly wider, measuring 0. OS -0.10 sec. Bundle-branch block 
is absent. 


show' slight Avidening, but bundle-branch block is absent. A tiaciiig in 
the fourth lead taken at this time, but not reproduced in Pig. 2B, re- 
vealed a large Q-ivave and a normally ini'erted T-wavc. 

In the light of the clinical obseiwations on our patient and the evidence 
contained in references cited at the beginning of this paper, ive believe 
that the abnormality of ventricular beat shown in Fig. 1 lesultcd fiom 
the rapid ventricular rale in the presence of significant disease of the 
coronary arteries. It is possible that the condiiclion defect in the loft 
bundle was associated with tlirombosis of one or more of tlie small vessels 
area. We rather expect the bundle-branch block to recur 
eventually, but avc have not observed its reappearance in fourteen months. 
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SUMMAKY 


A case is reported illustrating the unique eoinl)ination of auricular 
flutter and 2 :1 and 3 :1 left liundle-branch block Subsequent tracings 
covering a period of fourteen months arc described, and the probable 
ctiologie factors in the original electrocardiographic abnormality are sug- 


Wo wisli to exjjrCHS our indeLtedness to Dr. Alex M. Jturgess, ivdio took and made 
available to us the tracing reproduced in Fig. 3, and provided the original clinical 
observations on this patient. 
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Selected Abstracts 


Page, Irvine H., and Sweet, J. E.; The Effect of Hypophysectomy on Arterial 

Blood Pressure of Dogs With Experimental Hypertension. Am. J. Physiol. 120: 

238, 1937. 

Hypertension of the order of 240/160 mm. Hg \Yas produced in dog.s by constrict- 
ing the renal arteries of dogs by means of Goldblatt’s clamp. It was maintained for 
several months. Hypophysectomy in these animals reduced the arterial pressure to 
levels slightly above normal (150/100) or below normal (90/40) within a period 
of twenty days. Hypophysectomy in normal dogs reduced the arterial pressure only 
slightly (from about 140/170 to 116/50). 

Increasing the constriction of the renal arteries after hypophysectomy again 
produced a rise in blood pressure, hut this tended to be less marhed and transient, 
especially in the dogs which became sluggish and fat and exhibited reduced basal 
metabolism and often diabetes insipidu.s. The rise was better maintained in dogs 
which were tlvin and active and with normal or elevated basal metaboli.sin. 

After hypertension had been reduced by hj-pophysectomy, feeding thyroid (0.8 
gm.) raised the blood pressure moderately (190/120), and injection of theelin (1 c.c. 
dail}') or antuitrin-S (1 c.c. daily) had no effect. 

The effect of hypophysectomy on hypertensive dogs is believed to be an in- 
direct one. It is postulated that the responsiveness of the blood vessels to chemical 
stimuli from the kidneys with constricted renal arteries is reduced. This may be 
due to lack of the secretions which may in turn be due to withdrawal by hj-poph- 
yseetomy of the chemical stimuli normally afforded them by tlie hypophy.'-'is. 

Author. 


Malmgjac, ff., and Desanti, B.: Concerning the Cardiovascular Properties of 
Hypophyseal Extract. Compt. rend. See. de hiol. 125: 4/5, 193/. 

Watery extract of the hypophysis (Carrion Co.) was injected intravenously 
into dogs anesthetized with chloralose and was found to give rise to a sharp fall m 
arterial pressure accompanied by dilatation of peripheral vessels (plethysinographic 
measurements) in kidney and foot. The surprising result was that the spleen, in 
contradistinction to the behavior of other orgjms, contracted .sharply. 


cheiner, H.: Hypertensive Action of an TJltrafiltration Extract of Dog Spleen 
Previously Treated With Posterior Pituitary Extract. Compt. rend. .-oc. de 
biol. 125: 125, 1937. 

■ An extract of spleen, oMained from the fresh organ after a period 

imulatioh of its nerve bv nltraflitration, has been p«v.o,. sly ^ ° ; 

ad it tvas shown to caoso nsnally a fall in arfertal pressnre 

amber of instanees (S ont of 22) was followed by a rase. He ha, also .shewn that 

50,5 
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wlien the animal has been previously cocainized and atropinized, injection of the 
spleen extract was regularly followed by a rise in arterial pressure. In the i)reHent 
.series of experiments tlie extract of spleen was given to dogs under chloralo.se 
anesthesia after they had been treated with an extract of the posterior pituitary 
gland. Just as after cocaine and atropin the splenic extract now gave rise regularly 
to a rise in pressure. One important difference was noted ; rvhereas injection of 
cocaine and atropin had to be repeated after an interval of one hour to maintain 
the pressor effect of the splenic extract, the effect of posterior pituitary extract 
lasted for at least four or five hours. Scheiner believes the extract of the hypophy.^is 
— it is soluble in 80 per cent and insoluble in 95 per cent alcohol and insoluble in 
acetone — to be similar to, if not identical with, vasopressin. 

STEETjE. 


Dicker, E.: An Autolyzing Kidney Gives Eise to Substances Which Produce 

Hypertension. Compt. rend. Soc. dc biol. 126: 88, 1.0.37. 

Both renal arteries of dogs were completelj* clamped. Twentj'-four hours later 
the animals were anesthetized bj* chloralose, and arterial pre.^sure in the femoral 
arterj' was recorded while releasing the clamp.s, first on the one, and then the other 
side. Arterial pre.^sure rose 40 to 50 mm. Hg and remained elevated for about 
twenty minutes after release of each arter}*. 

If instead of opening the clamps the kidnej' was perfused with Lockers solution 
and the perfusate injected into the femoral vein, a similar rise occurred. The rise in 
jjressure failed to occur if the perfusate was injected into a mceentcric vein. 

The vasopressor principles of the autolyzing kidnej' survive prolonged boiling, 
o.xidation with potassium permanganate, and aging; they arc soluble in alcohol but not 
in ether. 

Steeij:. 


Bartschi, W.: The Beaction of the Coronary Arteries to Histamin. Arch, f- d. ges, 
Phy.siol. 238; 006, 1937. 

The reaction to histamin of excised arterial rings from twentj'-seven steers was 
found without exception to be contraction. The threshold dose wa.s from 1 part in 
2yi millions to 1 part in 500,000. He demonstrates a “cumulative” action of the 
drug in that repetition of a do.se which failed to give ri.se to contraction .succeeds 
in doing so after an interval of thirty minute.s. Acetj'lcholin is effective in contract- 
ing the coronarj' arteries in approximately the do.^e of lii.stamin, but no “potentia- 
tion” of the one drug bj' the other wa.s demonstrable. 

Steeee. 


McGuire, Johnson, Hauenstein, Virgil, and Shore, Eose: Cardiac Output in Heart 
Disease Determined by the Direct Pick Method, Including Comparative De- 
terminations by the Acetylene Method. Arch. Int. Med. 60: 1034, 1937. 

The cardiac output has been determined bj- the direct method of Fick and the 
modified acetjdene method of Grollman for six patients with serions heart disemsc. 
In all the patients the cardiac outj/ut was .subnormal. 

The results demonstrated cloi;e qualitative comparison betsveen the modified 
acetj'lene and the direct method, although the absolute value.s tended to be lower 
bj' the acetylene method. 

Xo relationship between the .severity of .sj'mptoms or the severity of failure, as 
judged bj' mea.surements of circulatoiy efficiencj-, and the level of cardiac output 
wa.s demonstrated. 
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Van Liere, Edward J., and Sleeth, Clark K.; Immediate Effect of Tincture of 

Bigitalis on Emptying Time of Human Stomach, Arch. Int. irocl. 61: S3, 193S. 

It was found that 5 c.c. of tincture of digitalis wlien mixed witli a standard test 
meal (consisting principally of 15 gm. of farina) decreased the normal emptjdng 
time of the stomach on an average of 18.5 per cent in seven healthy young men. 
The results all lay in the same direction, and there were no exceptions. In no case 
was the decrease in the emptying time less than 12.9 per cent, and the greatest 
decrease noted was 24.6 per cent. 

The conclusions which may be drawn from the work reported here are as follows : 
Tincture of digitalis administered in doses of 5 c.c. is capable of decreasing the 
emptying time of the stomach of the average person about IS per cent, as based 
on experiments performed on seven subjects. It may thus be given immediately 
before or directly^ after a meal without any deleterious effect on gastric motility. 
Experimental evidence is offered which throws light on the causation of the diarrhea 
which often accompanies the administration of digitalis. Finally, since digitalis is 
often given in conditions associated with anoxemia, which has been shown to inhibit 
gastric motility, the fact that it is capable of decreasing the emptying time of the 
stomach is of practical importance. 

Author. 

Hubensack, E.: The Alteration of the Electrocardiogram in the Course of Diph- 
theria. Ztschr. f. Kreislaufforseh. 29: 434, 1937. 

A study’ based on 620 proved cases Avas made. Not all electrocardiographic ab- 
normalities in diphtheria are associated with clinical manifestations of heart damage. 
When the electrocardiogram is abnormal, tachycardia is usually’ present and persists 
as long as the electrocardiogram remains abnormal. Conduction disturbances of any 
variety can occur. The mortality is high in those cases with total heart block and 
sloAV ventricular rate. Patients with other types of electrocardiographic abnormalities 
tend to recoA’er. There is need of long-continued follow-up studies to determine 
Avhether in reeoA’ered patients any residue of heart damage remains. 

IvATZ. 

Wollheim, E,: A New Depressor Substance Elaborated by the Body and Its 

Meaning for Essential Hypertension. Acta med. Scandiiiav, 91: 1, 1937. 

The present report describes studies conducted upon the thermostable vaso- 
depressor obtained from normal urine, since the time it was iirst described by 

Wollheim and K. Lange in 1932. Urines from 225 normal and 102 hypertensive in- 

dividuals have now been studied, each on at least iiA’e or ten separate occasions. Tests 
for depressor effect were carried out on rabbits. 

The substance was found to be present in normal human urine, except rarely in 
an occasional sample, and in the urine of horses. It is absent from the urine of 
individuals suffering from essential hypertension or present only in small amounts 
in less than S'.per cent. In acute and chronic nephritis the material is present in 

the usual amounts, and the urine of pregnant AA’omen is rich in it. A substance 

quite similar in chemical and pharmacologic properties can be obtained .ilso from 
the posterior lobe of the pituitary’ gland. 

This thermostable substance, labelled by the author ' ‘ depressan, ” can be dis- 
tinguished from all of the previously described depressor .substance.s found in the 
urine bv its behar'ior on boiling AA'ith acid and alkali, by its peculiarities toA\ard 
the usual dissolving and precipitating agents, by use of dialysis and electrodialysis. 
One liter of urine yields from 0.2 to 0.5 gm. of dry substance. 
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Tlie physiologic activity of the substance either from the pituitary gland or from 
the urine depends upon dilatation of the peripheral vessels of from 20 to 50 per cent 
as measured by rate of perfusion of the rabbit’s ear. The author states that the 
widening of the vessels is independent of the nerve supply. Tteaction of heart, 
respiration, or intestinal muscle was not observed. 

The duration of the depre.«sant action is relatively long, depending, as does the 
extent of fall in blood pressure, upon the dose. In atropinized rabbits 1 mg. intra- 
venously was followed by a fall of 20 mm. Hg for five to ten minutes and 40 mg. 
by a fall of 50-70 mm. Hg for one to two hours. The duration of its action is an- 
other point in differentiation from other substances. 

The intramuscular injection of the substance into 18 patients with hypertension 
resulted in a fall of blood pressure in 14, beginning six to twelve hours after injec- 
tion and lasting for from one to three days. The systolic pres.sure fell 30-50 mm. 
Hg, the dia.stolic about 20. T!ie dose used was 1 c.c. (if the solution was made 
up according to that used for tests in rabbits, the amount of dry substance should 
have been roughly 100 mg.). Four patients failed to respond. Two of the.“e were 
instances of severe nephrosclerosis. There is no mention of having administered 
the substance to normal individuals. The author believes that essential hypertension 
is called into being through a lack of “dcpressan.” 

Steele. 


ScheUong, F., Heller, S., and Schwingel, E.; The Vector Diagram — A New 

Method of Studying the Heart. L Ztschr. f. KreislaulTorsch. 29: 497, 1937. 

The authors describe a method utilizing two cathode ray tubes connected to three 
leads, in such a way that one cathode ray tube depicts, as a standing wave on the 
fluorescent screen, the spatial distribution of the vector of the electrical axis on the 
frontal plane and the other the vector of the electrical axis in the sagittal plane of the 
body. These are called the vector diagrams of the heart. These permit one to recon- 
struct the .spacial distribution of the changes in the electrical axis of the heart 
during a heart cycle, either in two or three dimensions. Since it records something 
different from the electrocardiorgam, the vector diagram will not di.splace but 
will supplement the electrocardiogram and will be found, so the authors believe, 
clinically useful when developed on an empiriciil basis. Changes in contour of the 
vector diagram may be found of value in differentiating various cardiac conditions. 

Katz. 

ScheUong, F., and Schwingel, E.: The Vector Diagram: II. Meaning of Slurring 

and Splintering. Ztschr. f. Kreislauffor.sch. 29: .590, 1937. 

The vector diagram recorded spatially or stereoscopically .«hows that some in- 
stances of slurring and notching are benign and due merely to a change in the posi- 
tion of the heart, while others are found to indicate disturbances in the spread of 
the impulse. 

Katz. 

Otto, H.: Myocardial Involvement in Tonsillitis. Ztschr. f. Kreislaufforsch, 29: 

471, 1937. 

The damage to the heart in tonsillitis is .sometimes demomstrable in the electro- 
cardiogram, as a prolongation of F-K and QRS intervals, as S-T depression, as 
flfittening or inversion of T, as a split P, as a Q., as low “voltage” or as more 
advanced A-\ block. Such evidence was found in 03 per cent of .330 cases .studied. 
Tonsillectomy tended to decrease the electroeardiograjihic abnormalities. 


Katz. 
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Misao, T., Maeda, N., Tanaka, T., Noma, K., and Itok, S.; The Electrocardiogram 
in Agonal States of Man. Ztsclir. f. klia. Med. 130: 332, 193G. 

In the agonal state, P-E, QEST, and QES durations increase. Tliis occurs de.‘.pite 
acceleration of the heart. Tlie S-T becomes depressed, and the arrliythniias in this 
state are variable. Most commonly sinus standstill is found, followed by idioven- 
tricular rhythm, ventricular standstill, or ventricular fibrillation. Fibrillation mav 
be temporary, the idioventricular rhythm being- restored and standstill occurring 
terminally. In other cases, the sinus rhythm persists and A-Y block occurs. Earely, 
the normal mechanism persists until standstill. Extrasystoles and auricular extra- 
systoles are rare. 

Katz. 


MacMahon, H. Edward: Hypertrophy of the Heart in Infants. Am. J. Dis. 

Child. 55: 9.3, 1938. 

A review of the t_ypes of cardiac h^-pertrophy in infants clearly shows that many 
different factors may pla3' important etiologic roles. Purlhermore, when considered 
from a structural standpoint, the histologie picture is likewise -rariiible. One change 
has been almost universally emphasized, namel.y, an increase in the size of the in- 
dividual muscle fibers, whether in true h^^ertroph}- or in a mere pseudoh\'pertropln- 
resulting from the storage of gh'cogen. The purpose of this brief report is to point 
out that in cardiac h^-pertrophy appearing at an earl.y age, in addition to the in- 
crease in size of the muscle fibers, there ma.v be a true proliferation of these elements. 
A corollarj- to this is the suggestion that since proliferation of the fibers of the 
ca.rdiac muscle ma^- occur in In^pertrophies of this gvoup, it is possible that during 
the same period im-ocardial j-egeneration following severe injury may likewise occur. 

Author. 

G-loyne, S. E., and Shiskin, Cecilia: Mitral Stenosis and Pulmonary Tuberculosis. 

Tubercle 18: 394, 1937. 

Mitral stenosis and pulraonaiy tuberculosis in autops,v records of Victoria Park for 
the last sixteen j-ears contain 121 cases of mitral stenosis in onl^y one of which pul- 
monarj' tubei’culosis also occurred. From this and other records quoted, the follow- 
ing deductions maj' be made; 

1. Cases of mitral stenosis rarely exhibit active lesions of pulmonary tuberculosis. 

2. There were no cases showing old fibrotic or healed lesions of pulmonary" tubercu- 
losis. 

Three pathologic ex-planations of the infrequency of this combination of dis- 
eases may be suggested: 

1. That there is a true cellular and humoral immunity against tuberculosis, due to 
an excess of blood in the pulmonary circulation which may increase phagoc.vtosis 
and even neutralize the products of bacterial metabolism. A similar hypothesis has 
been made to explain the beneficent effect of artificial pneumothorax. Tile.son also 
suggested that there was a rheumatic diathesis'- in mitral stenosis which was 
inimical to tuberculosis. 

2. That pulmonary congestion results in pulmonary fibrosis which protects against 
tuberculosis. 

3. That there is an alteration in the hemore.spiratory exchange. Of these 
numerous changes, oxvgen desaturation, increased carbon dioxide arterial tension, 
and deviations in pH value of the blood have all been cited. One of the author.^ 
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(C. S.) recently iiiveKtigatcd this point in connection witli n research on the pH 
values of venous blood in cardiovaseulnr and respiratory disease. The results ob- 
tained in mitral stenosis arc given. 

^MOKTGOJfKUY. 

Howard, John Eager, and Barker, W. Halsey: Paroxysmal Hypertension and Other 

Clinical Manifestations Associated With Benign Chromaffin Cell Tumors (Phaeo- 

chromocytomata) . 13ull. .Tohns Hopkins Hosp. 61: 373, 1937. 

From this study of proved cases, we feel that a fiiirly definite clinical incture 
emerges by which may be evaluated the possibility or probability of the presence 
of a pheochromoeytoma in a suspected patient. The individual most likely to 
have a pheochromoeytoma will be one who is youthful or in early middle age, of either 
sex, and in good health. The attacks of hj-jicrtension may vary wideh' in duration 
from a few minutes to many hours. There will generally be no known Y>redisposing 
cause initiating the attacks, although the assumption of certain positions sometimes 
has been observed to induce attacks, and exertion and emotional stress have been 
felt by some patients to be precipitating factors. The attacks are more likely to 
come after retiring at night, and cspeciall}- in the early morning hours. The pa- 
tient will probably look and feel perfectly well when not actually having an epi- 
sode of hypertension, although persistent hyjiertension is too common in this group 
to be totally ignored as part of the .syndrome. Should Y)ersistent hypertension 
exist, the same manifestations will be found in the retinal arteries, heart examina- 
tion, and urinalysis as are commonly seen in xtatients suffering with so-called es- 
sential loTiertension. Electrocardiographic findings will be of no help in the 
differential diagnosis, even during a hj'pertensive attack. A mass in the abdomen, 
on the side of the tumor, may or may not be palpable on physical examination; 
there is greater possibility of its being found either by flat x-ray plates of the 
abdomen or by pyelograj)hic studies, but the correctness of the diagnosis should 
not be seriou.sly questioned if no mass is detected by any of these moans. After 
paroxj'sms of In-pertcnsion, albumin or sugar, or both, may possibly appear in the 
urine. Nothing in the wa 3 ' of medication has been found to influence materially 
the frequencj', duration, or severitj- of the attacks. If tests are made with 
ejuneYffirine or pituitrin, there will j>robabl_y be found no In’persensitivity nor 
hj'posensitivitj'. During the earl^- part of an attack (associated with the rise 
in blood pressure) the i)atient will almost certainlv' become cold, pale, or mottled, 
and complain of palpitation. Quite pronounced nau.‘-ea and probablj' vomiting are 
almost certain to be present and, if of Jong duration, especiallj' if accompanied bj' 
h\q)erventilation, maj' lead to tetanj'. Very severe headache is more likely' than 
not to be complained of. If the attack is severe or prolonged, signs of cardiac 
incompetence are to be looked for, such as pulmonar.v edema, .sudden hepatic en- 
largement, or distended neck veins. Precordial pain with radiation, to the neck, 
douTi the arms, or other areas characteristic of stenoeardiac attacks is quite likeh’ 
to be present. Very pronounced sweating is likeh' to occur either during or just 
after the severe episode has passed. Even without anj- of the .symptoms listed 
above, the patient whose usual re.sting blood pressure is normal mav' at anj' time 
be found to have quite marked temporary hj-pertension. In other word.s, milder 
paroxj'sms of hjq)ertension maj' occur -without the patient’s being arvare of them 
at all, just as is observed so frcquentlj' in the early stages of so-called e.ssential 
hypertension. It is perhaps worthj' of emphasis, however, that in patient.s suf- 
fering from essential hjq)ertension the cour.se may be totallj' asj-mptomatic for a 
long period of time, whereas in this group of patients the sj'mptoms are of suf- 
ficient severity early in the course of the disease to bring the patient to the doctor. 


Author. 
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Longcope, Warfield T.: Chronic Bilateral Pyelonephritis: Its Origin and Its As- 
sociation with Hypertension. Ann. of Int. Med. 11: 149. 1937. 

A study of twenty-two cases of chronic bilateral pyelonephritis indicates that 
a number of complications and accessory facts may modify the usual course of this 
disease. As the disease advances, it is usual to find that the blood pressure rises. 
In ten of the fifteen patients observed during the terminal or advanced stages of 
the disease, the blood pressure was above 160 mm. systolic and 105 mm. diastolic. 
In seven cases, observed during the early stages of the disease, only one had a 
s^'stolic blood pressure of over 140 mm., or diastolic pressure of over So mm. The 
In'pertension was not associated with pronounced or excessive arteriolosclerosis in 
nine fatal cases. In three of the fatal cases, the pyelonephritis was associated 
with a chronic diffuse glomerulonepliritis. Tlie development of the ophthalmologic 
picture of retinal arteriolosclerosis and retinitis is more related to the develop- 
ment of the In'pertension than to the presence or degree of renal insutficienev. 
"Wlien chronic renal insufficiency does occur, it is often associated with intermit- 
tent or persistent hypertension. The explanation for the In'pertension which occurs 
during the later stages of pyelonephritis is not clear. The bacterium which is 

usuallv responsible for the infection in the BacUhis coli. „ 

^ Hixes. 

Clerc, A., and Sterne, J.: A Case of Repeated Anginal Crises With Paroxysmal 
Hypertension and Vasomotor Disturbances: A Record of Medical Treatment, 
Two Surgical Interventions, and of the Efficiency of a Synthetic Sympathicolytic 
Drug. Bull, et mem. Soc. mod. d. hop. d. Paris 53: 562, 1937. 

A woman, 60 years old, essentially normal as to physical and laboratory ex- 
amination except for arterial !)lood pressure of 160 to ISO mm. Hg sy.stolic, 
complained of attacks of .severe pain in the heart of fifteen months’ duration. 
The attacks of “anginal crises” were observed (she was hospitalized on Oct. 3, 
1934) to occur in the following manner: First, an abrupt rise in the systolic 
level of pres.sure to 220 to 240, once to 300; immediately thereafter an intense 
scarlet blush over face, chest, and arms, leaving the rest of the body pale; then 
constriction of the chest, severe precordial pain radiating to the shoulders, left 
arm and hand, occasionally to the right. The patient cried out with pain and 
pressed both hands to her chest. The attacks passed off in twenty minutes or so, 
recurred usually about three times in twenty-four hours, and were unaccompanied 
by change in heart rate or electrocardiographic disturbance. After failure of every 
conceivable drug — a list being given — to relieve the attacks, left stellate gangli- 
onectomy w'as performed on Dec. 5, 1935, without relief for more than a few 
hours in spite of development of Horner’s .syndrome, and on ifarcli 21, 1936, the 
right ganglion w'as removed wnth relief for about ten days. Innumerable drugs 
W'cre again tried including one preparation of Fourneau and Beret, piperidino- 
methyl-benzo-dioxan, without relief. A second synthetic benzo-dioxan (diethjl- 
aminomethyl-benzo-dioxan) afforded immediate relief and after a short while 
almost complete disappearance of the attacks. The dose w'as 0.20 gm. a daj in 
four doses, by mouth. Omission of the drug for about three days on two occa- 
sions was followed by return of the attacks. The remarkable point is that all 
three sj-mptoms, pain, blushing, and paroxysmal h.^'pertension, disappeared. 

Steele. 

Clark, Eugene, and Kaplan, Bernard I: Endocardial, Arterial, and Other 
Mesenchymal Alterations Associated With Senim Disease in Man. Arch. Path. 
24: 45S, 1937. 

Two patients who had received large doses of antipneumococcus scrum died after 
having typical symptoms of serum sickness, one of heart failure, the other of c-xten- 
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.ion to onollior lobo an-l of brnnorrbugo. In both caPOH at aufop.j' inflammatory 
arterial and periarterial lesions ’.vcrc found. Tlic structural allcrations in esc 
ca=o‘^ con«i=ted of proliferation of Iiistioeyles in the neural and valvular endocardium 
and in the intima of the aorta and the pulmonary interstitial mesenchymal tissue 
of tlie myocardium and oilier viscera. XceroHzing arteritis and periarteritis of the 
smaller coronaiv arteries formed a prominent finding in one case. It is felt that the 
composite picture presented by these two cases is incompatible with any disease 
hitherto described and that they are related to the administration of foreign serum. 

ArdVTnnwnev. 


Karsner, Howard T.: Primary Inflammation of Arteries. Ann. Tnt. Hied. 11: 3fi4, 
19.17. 

In addition to secondary iiiflaniiiiatioii of arterie.s due to extension of local 
iiifliunmaiiim or direct invasion, there is an inflammation which can lie appro- 
priately described as a primary arteritis. The caiise.s of this form ol arteriti.s are 
unkc'i^Mi or are ill-defined. The lesions found in primary arteritis have been 
cl-.is--iried {iiid consist both of acute and chronic varieties. The chronic form i.s 
‘ iiaracicri'/.ed by distribution of fibrosis in the three coats of the arteries and by 
'i<-f.iied or absent secondary changes in the fibrous tissue. An improved nomeri- 
'■iiitnre for liie various types of arteritis would aid in correlating descriptive 
nonihologic and clinical data so that the disease may be better iiiider.“tood. 

Hikk.s. 


Bordley, James, III, Grow, Max H., and Sherman, V/illiam B.: Intermittent Blood 
Plow in the Capillaries of Human Skin. Bull. .lohns Hopkins Hosp. 62: 1, 
19?.%. 


The flow of blood in the minute ve.=sels of tlie skin of the human leg may In 
ciearly seen under natural resting conditions. 

liic circiiiatioii in individual cajiillaries of this area is frequeritlv intenniltent 

Intermissions in flow may occur alternately in two capillaries arising from tin 
same arteriole. 

mien tht. flow ceases in -a cajiillary, even during venous congestion, the vesse 
m.'ty become almo.-t completely empty of corpuscle.^. 

Tliese observations indicate that individual capillaries are endowed with ai 
occlusive mechanism which they may exert to prevent the passage of blood tbrougl 
tiuiir luimnu, 

Similar capillary behavior Iiuk also been obnerved in oilier .sVni arean. 


-v i/ruor.. 


SiPtinf ^ Modified Arteriovenous Pistula, Considered 

J. Cfirculatory Adjustments to Pregnancy. Am. ,T. M. He. 195; 

cvi^Itf I!;;”;?’,'? lfl>*-imnena of the circulation in pregnant women plus the 
X. .mm ofTered b;. the structure of tJm placenta iead to the following con- 

(tf. an arteriovenous ’<ter«s, and 


slltTIIOi;. 
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SneUeh, H. A., and Nauta, J. H.: Roentgen Diagnosis of Coronary Calcification. 
JTorfcscltr. a. d. Geb. d. Rdntgenstrahlen. 56: 277, 1937. 


The authors point out the ease of diagnosing calcification of the coronaiy 
arteries bj' x-ray. Tliis diagnosis was reported forty times in a 3 -ear with calcifi- 
cation of the aorta or mitral rings showing simtiltaneously in six eases. In five 
instances there was necropsy confirmation of the roentgen-ray diagnosis. The 
diagnosis i.s made b 3 ' dancing shadows in the location where arteries run, the 
patient liolding his breath in deep inspiration. Kymography was found to be of 
great assistance. 

Katz. 


DeTakata, Geza: Syntpathectomy for Peripheral Vascular Disease. Arch. Int. 

Med. 60; 990, 1937. 

One hundred and twent.v-six S 3 unpathectomies were performed on fift 3 ' pa- 
tients. Twenty-four of tiiese i^atients, with fort 3 ^-six s.vmpathectomies, have l)ecn 
followed for one to seven 3 -ears. There were 16 operations in Ea 5 -naud ’s disease, 
22 in Buerger’s disease, .3 in polionu-elitis, and 5 in reflex d 3 'stroph 3 '. Thirt 3 ' were 
eomsidered successful, 9 as improved, 6 as failures, and 1 patient died of coronar 3 ' 
occlusion. Eeccntl}' preganglionic section, as advocated 1 ) 3 ' Smithwick, Freeman, 
and White and Telford, was used in operations for the upper extremities. Those 
patiojits who were found to have vessel spasm, as shown 1 ) 3 ' heat tests or 1 ) 3 - 
vasodilator drugs, re.spo)ided in most instances in a satisfactoiy way, hlistaken 
diagnosi.s, mistaken indications, improper stages of vascular disease, fau]t 3 ' tech- 
nique, improper after-treatment, and poor follow-up are important factors in ob- 
taining poor results. The surgeon who performs S 3 'mpathectomies must lie thor- 
oughlj' familiar with peripheral vascular disease and its remissions and exacerba- 
tions and should use, either alone or in collaboration with pliA-sicinns well versed 
in peripheral 3'ascular disease, all the medicinal aids and ph 3 '.sieal therap 3 ' avail- 
able at pre.sent. 

Moxtgo.mkry. 

Armstrong, Harry G,; The Blood Pressure and Pulse Rate as an Index of Emo- 
tional Stability. Am. .T. M. Sc. 195: 211, 193S. 

A review of 700 examinations of candidates for fl 3 'ing training for the United 
Slates Army Air Corps .show.s that there are correlations of 0.98 for the stable group 
and 0.88 for the unstable group and a general correlation of 0.92 between the rela- 
tive emotional stability of the individu.als and their cardiovascular findings. 

This correlation was obtained by adopting an arbitrary blood pressure level 
of 334/90 (-t- or -3) and a pulse rate of 90 (-t or -3) and assuming that any reading 
above that level demonstrated a relative emotional instability. 

The failures of 2 )revious workei-s to demoustrute a high degiee of correlation 
between emotional stimuli aud cardiovascular reuctious and ceituiu other incon- 
clusive evidence .and disagreements in the literature are explained by an analysis 
of the reaction patterns of the author’s case.s into five distinct group.s, wherein it 
was .shoAvn that among the unstable candidates 21 per cent showed no abnormal 
blood pressure pattern and 06 per cent .showed no abnormal pulse pattern. Thc.^e 
dissimilar reaction patterns show the fallacy of mass .statistics in .'^uch .< 5 tudles and 
demonstrate , the necessity of studying the cardiovascular system as a whole in 
each individual in psycdiosomatic investigations. 
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The limitations and shortcomings of the described test for emotional stability 
are pointed out, as well as a suggestion for further studies which are 
before the test is applicable to any situation other than the one from t^hich the 

test v,-as derived. 


O’Neil, E. Everett: Suction-Pressure Therapy in Peripheral Vascular Disease. 

New England J. iled. 217; 828, 1937. 

Eightv cases of occlusion of the peripheral arteries treated bt' alternating suc- 
tion and pressure have been reviewed. The best results were obtained in acute 
occlusion, when treatment was instituted before tissue changes had progressed too 
far. The poorest results were observed in arteriosclerosis of the extremities where 
diabetes was a complicating factor, and particularly where calcification ol the 
arteries was shown by x-niy, denoting a low collateral potential. Negtitive-positivc 
pressure treatment is of definite value in the early and moderatel 3 ' advanced 
cases of peripheral arteriosclerosis and thromboangiitis obliterans, exerting a 
marked beneficial influence on intermittent claudication and ischemic pain in these 
cases. Its value in the later stages is doubtful. In all tj'pes of chronic perixiheral 
obliterative diseases to which .suction-pressure therapy maj' be applied, it must be 
stressed that long periods of treatment are necessarj' for succes.s. Since the 
tendenej' of anj- occlusive disease is to progres.s, it is important to keep ahead of 
it b\' frequent and continued applications of treatment. 

SION'TGOMERY. 

Collens, W. S., and Wilensky, M. D.: Intermittent Venous Occlusion in Treat- 
ment of Peripheral Vascular Disease: An Experience With 124 Cases. J. A. 
M. A. 109: 212.5, 1037, 

Compres.sion of the proximal portion of the extremity' up to 80 mm. of mercurj' 
for alternating periods of two minutes with two minutes of release applied con- 
tinuou.slv for as much as twelve hours a daj' had a decided therajieutic effect in 
the treatment of diseases associated ivith pathologic arterial- changes. Earl^' re- 
ports of this method have alread.v ajipeared. The authors feel that the method 
is capable of increa.siiig vascular capacitv, as is evidenced by the following phe- 
nomena; relief of rest pain, increased walking capacitj-, regeneration of tissue.s, 
improvement in the nutrition of nails, and the growth of hair over areas which 
had become denuded as the result of obliterative arterial di.sease. They were 
able to note in one case the development of granulation tis.sue to .such a degree of 
exuberance that it necessitated the use of .silver nitrate on three different occa- 
sions in order to prevent the development of keloid. 

MoxTooxiEP.y. 


Erratum 

In the article, “Electrocardiographic Clianges Occurring With Alterations of 
J osturc Iron) Recumbent to Standing Po.sition.s, ” by Louis IT. Sigler AID which 

figure in the last column should be 4.0 (%) 3„,toad of 0.4 (%), as it now stands. 
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A CO]\rPARISON OP PERCUSSION AND RADIOGRAPHY IN 
LOCATING THE HEART AND SUPERIOR 
j\IEDIASTINAL VESSELS^' 

Doxald Maixi.and, M.B., Ch.B., D.Sc.(Edix.), and 
Chester B. Stewart, B.Sc. Med. (Dal.) 

Halifax, N. S., Canada 

STATEMENTS in anatomical and clinical textbooks regarding the 
^ po.sition of the cardiac borders commonly have several defects: 
failure to distinguish between the Imng subject and the cadaver, failure 
to make allowance for normal variation, and failure to indicate what or 
liow many subjects provided the average figures that are quoted. Cer- 
tain eardioradiologic data fulfill these requirements, but cannot be used 
as standards in percussion unless the discrepancy between percussion and 
radiologic observations is well known. In our department percussion is 
used as a method of “dissecting” the li\nng body, and the question of its 
error has naturally arisen. Although many informal investigations on 
this must have been carried out, there do not appear to be many pul)- 
li.shed reports. Examples arc those of .the following authoi’s : 

Bisbini,^ after comparing orthodiagraphy and five percussion methods 
on eleven persons, concluded that percussion figures were often a little 
.smaller than those obtained by orthodiagraphy. The data show that 
greater allowance for variation ought to be made than the author ap- 
parently realized. 

Kurtz and White^ compared teleoradiography and percussion on one 
hundred patients (adults and children, males and female.s). Their data 
suggest that the low average pcrcu.ssion error and insufficient analysis 
of variation led to the conclusion that pcrcu.ssion was “roa.sonably 
accui-ate. 

Wilson" made a general statement of Gordon’s special .study, and his 
conclusion was that the percn.ssed outline agreed with the roentgenogram 
if the patient Avas standing, but Avas quite unreliable in recumbency. 

*Fi‘om the Department of Anatomy, Dalhousic Universitj. 

Submitted for publication .Tan. 5, 193S. 
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Further investigation is justified by the not uneoimnon distrust of 
percussion picpiantly expressed by Wilson,* and by the fact that, per- 
cussion being an art, detailed studies by many observers are necessary 
for a verdict on its general reliability. 

OBJECTS OF THIS INVESTIGATION 

“Percussion error” is used here in its clinical sense, as meaning 
the difference between percussion results and those of teleoradiography, 
the latter method being accepted as the standard, more reliable than 
percussion, but not necessarily perfect. Our objects were (1) to find 
the discrepancies between teleoradiography and one common percussion 
method used by an experienced physician (not a cardiologist) under 
favorable conditions, that is, avoiding females because of the mammary 
gland, diseased subjects, and stout middle-aged or old men; (2) to 
search for factors such as chest shape that might enable one to estimate 
the iiereussion error in an individual patient; (3) to show what a prac- 
titioner could learn of his own percussion error from a small inexpensive 
series of films. 

.SUBJECTS AND METHODS 

One hundred ten Dalhousie Univei’sity male .students were used; 
their ages ranged from 19 to 25 years, except for three between 25 and 
32 years. Some were Anglo-Saxons, others American Hebrews of 
varied European ancestiy. In all students the same physician found 
the deep dullness of: 

(а) the superior mediastinal ve.ssel.s and heart in the first five inter- 
costal spaces on the left ; 

(б) the heart in the fourth right intercostal space; 

(c) the liver, approached from above, in the right midclavicular line. 
The physician placed his left middle finger flat on the chest parallel to the 
border of the organ that he was approaching, and .struck the terminal 
phalanx of this finger by the tip of the right middle finger. He marked 
by .skin pencil the dullne.ss at each of the points mentioned above and 
fastened by adhesive tape along the pencil mark a bra.ss wire y‘i to % 
inch long and %2 in diameter. 

During percuasion and filming, the students were always in the mid- 
pha.se of re.spi ration with their arms loosely at the sides of their bodies. 
Bach student was fir.st percus.sed erect, and then a heart radiograph 
was taken with the .student’s anterior thoracic wall against the film 
holder, the x-ray tube {G.E.G. line-foeu.s, mechanically rectified, 100 I^la., 
100 kv.) being 6 feet from the film and centered about the fifth and 
sixth thoracic vertebrae. The wire mai’kers were then removed from 
the ehe.st wall, the .student lay down, percussion was repeated, new wires 
were attached, and a radiograph was taken with the film beneath the 
student and the x-ray tube 6 feet above the film. 
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On all the films one observer (C. B. S.) measured with calipers, to 
the nearest millimeter, the perpendicular distance from the center of 
the shadow of each wire to the adjacent ])order of the heart, vessel, or 
liver. If the wire representing deep dullness lay witliin the shadow of 
the organ, the measurement was marked +, if outside tlie shadow, 
Biometrical analysis of such data is necessary, and the frequency 
distribution of the errors, as in Fig. 1, was of the '‘cocked hat” type, 
sufficiently like a statistically normal curve to justify testing the re- 
sults by normal curve methods. We adopt the usual convention regai-d- 
ing the significance of differences previously discussed in another con- 
nection (Mainland^) and more fully treated elsewhere (Mainland'), 



along with the otlier statistical methods mentioned below. (It should 
be sjiccially remembered that “.significant” does not inpily “impor- 
tant.”) 

JIlCAN PERCU.SSION ERROR 

Erect Fo.vitma.— Tile mean percussion errors in intercoslal spaces L 1 
and L 2 (Table I) are less than twice their standard errors and there- 
fore not significantly different f rom zero. In the other spaces the means 
are all much more than three times their standard crrois, and this is 
very strong proof that under tlie given conditions the shadow of tiic 
percussion marker tends on the average to be lateral to the radiographic 
border in spaces B 3, B 4 and B 5 by over lialf a centimctoi, and in 
space R 4 medial to the radiographic border by about 1% cm. 
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Recnmhcni Position . — lixcepl in L 2, all the mean differences are 
definitely significant. In each .space they are in the .same direction 
(+ or -) as in the erect position. For each student the error was com- 
pared with Ihe corresponding error in the erect position, and in the up- 
per four left spaces there was no marked discrepancy between the two 
])Ositions, but in L 5 and R 4 the errors were significantly greater in 
recumbency. Tlic average diffcrencc.s arc shown in Table I.* 


Taboe 1 

PEKri:S.SIOK Euuoits I.V PlOXCII’AT. SEIilES OK .STCDE.VT.S 


(Tlie 4 and - Signs; Arc L'.“Cf] a.*; Stated in tlic Text^ 



STUBE.VT.S STAXPIKG ERECT 

STEDEXTS 

RECE.MBEXT 

isTEncoa- 
TAI. SI'ACB 
(RIGHT OR 
I.EFT) 

XEM- 

JIEAK 

ERROR 

(C.M.) 

STAXbARPl 

DE\TA- i.STAXDARI) 

XE.M- 

.MEAX 

ERROR 

(C.M.) 

STAXDAUI) 

DEVIA- 

STAXPARb 

HER OK 

riOX OK 

ERROR OF 

HER OK 

TIOX OE 

ERROR OK 

STE- 

DEXT.S 

SERIES OK 

ERRORS 

.MEAX 

STE- 

bEXTS 

SERIES OK 
EI'.RORS 

MEAX 

(CM.) 




(CM.) 



(CM.) 


L 1 

iV.i 

40.157 

0,803 

0.083 

94 

40.2(52 

0.820 

0.085 

L 2 

93 

-fO.0.57 

0,88(5 

0.092 

94 

40.157 

1,030 

0.107 

E ?, 

93 

-0.579 

0,912 

0.095 

94 

-0.435 

1.190 

0.122 

L 4 

92 

-0.0(51 

0.907 

0.095 

93 

-0.711 

1.074 

0.111 

L 5 

90 

-0.582 

0-970 


So 

-1.307 

1.112 

0.121 

E 4 

93 

+1.302 

0,950 

0.098 

94 

42.1 10 

1.031 

0.100 


If sign and degree of error are considered, I'able I suggests si certsiin 
trend from space L 1 downwards in both erect and recumbent jmsitions, 
and, in .spite of irregularities, a 7'egrc.ssion test showed that this was 
more than is u.sually attributed to chance. In the upper spaces itercus- 
sion (in recumbency at least) failed to detect the dullne.ss as soon as it 
should, according to the radiogi-aphie shadow, and below that there was 
a tendency for the dulJne.ss to be detected farther and farther away from 
the radiographic margin. The i-esults of Kurtz and 'White'* suggest a 
similar tendency. 


V.AmATIOX IX PKRCE.SSIOX ERKOK 

A low or negligible mean ei-ror does not indicate that a method is 
reliable. The important question is: By how much does the m-ror vaiy 
(a) from sub,iect to subject and (b) in repeated examination of the 
same subject? The variation between students is ex])re.ssed by the 
standard deviations in Table I — between 0.80 and 1 cm. in tlie ei-ect 
])Osition and rather over 1 cm. for most spaces in recumbency. In such 
applied biologic work as this, it is customary to use as a measure of 
uncertainty twice the s-tandard deviation on each side of the mean. If 


*Kurtz and ■S\'hite< deeidfjd that there v.-a.s no great difference- h'-tween the error 
in the er»,-ct and recumbent po.sitlonH. It fe not clear ■whether their averages v.-erc 
fornied by .summating v.-ithout regard to + and - Klgn.s, but the general average of 
their hundred .subjects may be guoted here for comparison ; .‘-•p-ace i^ f. 5, or 6 : O.r, cm. ; 
ly 3 : 1.2 cm. : H 2 ; 1.3 cm. ; K 4 : 0.8 cm. 

Our general conclu.“;ion.s regarding tlie abrence of gi-eat di.^crepanev between erect 
anil recumbent errors agree v.-ith tho.ee of Kurtz and ViTiite' rather th.an with tho.=?e 
of Gordon a.s reported by Wilson.' 
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a physician whose percussion has the variability represented in Table I 
finds in an erect patient the deep cardiac dullness in space L 4, he has 
obviously no right to the confidence that the low mean error suggests. 
For all he can tell, a film taken under the conditions of our investigation 
may show the radiographic border anywhere from about 2.5 cm. medial 
to his percussion marking up to 1 cm. lateral to his marking, and in 
about 5 per cent of patients the difference will be outside even these 
limits. The actual data used in Pig. 1 confirmed these estimates, and 
estimates for the other spaces can be made in the same way.* 

FALLACIES AND POSSIBLE CAUSAL FACTORS 

1. Dispersion of X-Rays . — Although radiologic results were adopted 
as our standard because they are Icnovm 1o be more accurate than per- 
cussion, x-rays, even with the tube 6 feet from the film, are not iiarallel, 




Fig-. 2. — Outline.^ of thorax and heart to show effect of dispersion of x-rays. 

A, Students erect ; JB, students recumbent. Plate = film holder. 

(The distances between tube and thorax are diminished out of proportion to the 
thorax size, to fit into the diag-ram.) 


and the question arose : Could the dispersion of the rays account for 
the mean iiercussion errors, or for the differences between the mc;m 
errors in tlie two positions of the body? 

Pig. 2 shows that, if percu.ssion identified exactly the borders oi tin? 
heart or vessels, their shadows would overlap tlic shadows of the wires 
in the erect position (A), but in recumbency (B) the reverse would be 
true. In both positions, however, the direction (a or -) of the corre- 
siionding errors was the same (Table I). Therefore the dfsiieision of the 
rays could not account for the errors, although it would ncce.ssai-ily af- 
fect their numerical values. 


rt fiinf thf* vn.rfn.tions in tJic series of nnd <iro cx- 

resold ^onW a^ maxiimini values outside and inside the heart sliadow. In 42 adults 
ressed a.. . omee t 1 cm. outside and 1.7 cm. inside: space L .i, 1.1 cm. 

leir maxima u ere. ..pa e 4 11 cm. outside and 4.4 cm. inside. Thc.se ficure.s 

mo?e detailed data or a more adequate expression of the variation 
igfit reveal variation similar to that of our senes. 
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Thirty’' wires, %4 ineli in diameter, were mounted at 1 cm. intervals 
on plywood, and a radio<rraph of this with tlie tube 6 feet from the 
film showed that the following allowance should be made for magnifi- 
cation: For an object (cardiac border or wire) at 5 ein. from the film, 
3 per cent; at 14 cm., 8.5 per cent; at 19 cm., 11.5 per cent. It was 
sufficient for our purpose to a])ply these figures to the mean antero- 
posterior thoracic diameter of the .students (19 cm. at the fouilh costal 
cartilage) and to use the relative positions of the heai-t and chest wall 
given by dissecting room material and anatomical pictures. The results 
showed that, if there were Jio di.spei-sion of rays, the percussion error in 
.space L 5 (erect) would be of the order of -0.8 cm. instead of -0.582 
cm, (Table I) and -1 cm. in.stead of -1.307 cm. in the .same .space in 
recumbency. 

The.se calculations, although j-ather I’ough, .showed that the discrepancy 
in .space L 5 between the mean ei-rors in erect and i-eeumbent ])Ositions 
could be accounted for largely, oi- perhaps wholly, by di.s])ersion of rays. 
It was doubtful Avhethcr the disci-epancy in .si)ace II 4 could be entirely 
•SO explained. Differences in the distance between the heai'l boi'ders 
and chest walls in different students might account for some of the 
variation in cn'or and for .some of the diffo-ence in variation between 
the erect and recumbent positions, but we had not sufficient ])i’ofile 
radiogi‘ai)h.s to .show this. It was beyond oin- ])urpo.se to ])in'.sue this 
question farther, and the corrections just mentioned need not be con- 
sidered in the subsequent analysis of the ei-rors, 

2. Change of Position of Wires Behvecn Percussion and Filming ). — 
For various reasons, chiefly the phy.sician's and radiologi.st’s lack of 
spare time, it Avas practically impo.ssible, except on a few students, to 
measure the position of the i)ercu.s.sion maikei's on the students’ ehe.st.s 
before filming. IMoreover, to secure quietne.ss, poj-cu.ssion Avas done in a 
small room se\'eral yards from the x-ray room, and the students had to 
Avalk into the latter and take up the propei- position again for filming. 
It Avas therefore nece.ssary to a.sk: IIoav far did the change in position 
of the Avires due to re.spiration oi- skin movement introduce an apparent 
jAcrcussion error ? 

The midphase of inspiration does not secure exactly the same degree 
of chest exiiansion on any tA\'o occasion.s, but Ave should expect that the 
difference Avould be as likely to deerea.se as to increase the percu.ssion 
en-or and therefore AA'ould make little difference in the mean error. The 
respiratory moA’ement of the AA-ires might, Iioavcaxt, increase the A-ariation 
in erroEs, and this possibility Avas .specially examined. On the chests 
of ten .students (Special Series I), percu.ssed erect, measurements to the 
nearest millimeter Avere made from the median plane to the percu.ssion 
Avircs. On the films, taken after the students had moved about and 
lireathed, the measurements Avere repealed in each of the six sjiaees 
as in Table I, the median iilane being determined by the shadoAvs of 
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wires that liad liceii placed vertically at the center of the upper border 
of the mainihriuin sterni and at the center of the xiphisternal joint. 
All the films showed two or more intercostal spaces in which the thoracic 
and film measurements differed by no more than 1 mm. In spaces L 1 and 
L 4 the percussion error was estimated (a) from the thoracic measure- 
ments and (1)) from tlie film measurements. The two estimates showed 
no significant differences either in mean errors (tested by the t fonniila) 
or in standard deviations (tested by the s formula). (For the technique 
of these tests see Fisher,- and for a more elementary exposition see 
Mainland.') 

In another ten students (Special Series II) percussion was done at 
the x-ray equipment,’ and the first film was taken with a minimum 
amount of movement after percussion. A second film, with the same 
wires in place, was taken after the student had moved about and had 
breathed several times. Special attention was paid to the distances be- 
tween the wire shadows in space L 4 and the median plane, and the 
change in these from the first film to the second was found to be similar 
to the differences in Siiecial Series I. klore convincing still was the 
lack of a significant correlation between the change in the percussion 
error and the movement of the wires. There is therefore no apparent 
reason to reject the results of Table I because of movement of wires be- 
tween percussion and filming. 

3. Change in Size of Heart Shadow . — In Special Series II the dif- 
ferences between the percussion errors in space L 4 (erect) on the first 
and second films were compared with the change in transverse diameter 
of the cardiac shadow. The coefficient of correlation (0.725) was 
significant (Fisher-) and sliowed that the narrower the heart became, 
the more its left liorder tended to depart medially from the percussion 
marker. The importance of this hardly surprising fact was indicated by 
further investigation. The change in heart sliadow might lie attrilmtcd 
to the following factors ; 

A. The phase of cardiac contraction, which is said to alter the size 
of shadow by 2 to 7 mm. (Kohler^*). As we had no means of investigat- 
ing this we turned to other factors. 

B. Rotation of the thorax. On the main series (films of ninety stu- 
dents) an indication of chest rotation was obtained by measuring the 
distance between the sternal midline, shovm by shadows of wires placed 
there before filming, and the vertebral midline, seen on the films. There 
was no significant correlation between the percussion error (in space 
L 4, erect) and this measurement of rotation. 

C. Change in position of diaphragm. In Special Series II of duplicate 
films the change in height of the left dome of tlie diaphragm lietween 
the first and second films was found by reference to intervertebral 
spaces. In intercostal space L 4 the coefficient of correlation between 
the change in percussion error and the change in diaphragm height 
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was 0.S91 — a Jiighly sig-iiificant vaJiic. WJien llio marker in llie first film 
was to the left of tlio Jieart shadow (a negafivo (jri'oj- according to the 
convention used in Table 1), this error was increased in the second 
film in proportion to the descent of the diaphragm ; and when the marker 
in the fii-st film was to the right of the heart border (a positive en-or), 
descent of tlie diaphragm was associated witli a corresponding decrease 
of the error. This correlation could not be attributed to movement of 
the wires latei-allj' din-ing inspiration because the coefficient of correla- 
tion between the diaphragm movement and the change in position of the 
wire shadow.s', measured from the mid.slernal line, was nonsignificant 
(0.586), as Avas also the coefficient of correlation between the wire move- 
ment and the change in percussion error (0.599). 

Therefore the correlation between diaphragm movement and change 
in percussion error can be reasonably interpreted as a cau.sal relation- 
ship. The descent of the diaphragm cau.sed a medial movement of the 
left border of the heart, and an ascent of the diaphragm, the reverse, 
with eorre.sponding changes in the pereu.ssion error. The effect of move- 
ment of the diaphragm on the position of the cai’diac borders is well 
knoAvn, but this analysis has .shoAvn its importance even wlien the subject 
is in the midphase of respiration on each occasion, and the numerical re- 
lation-ship enables us to interpret and analyze the high variations 
(.standard deviations) in Table 1. 

In Special Series II (erect) the coefficients of correlation between 
diaphragm movement and change in pereu.ssion error were estimated 
for other intereo.stal spaces in the same Avay as for .space h 4. Tlie co- 
efficients Avere : 


Ij 

1: 

0.283 

L 4: 

0.891 

L 

2: 

0.233 

L 5; 

0.707 

h 

3: 

0.742 

11 4: 

0.880 


The fir.st two are not significant, that i.s, there is no evidence that dia- 
phragm movement has any effect on tlie variation in pereu.ssion error 
in the upper two spaces. The other coefficients are all significant. This 
Special Seia'es II Avas cquiAmlent to a random .sample of the students 
of Table I, and by a Avell-knoAAni technique (see, for example, Jlainland') 
the coefficients can be applied to Table I to estimate AA'hat AA'oiild have 
been the standard deviations (in centimeters) if no diaphragm move- 
ment had occurred betAveen pei-cussion and filming; 

L S: ±0.01 h 5: ±0.69 

L 4: ±0.41 II 4: ±0.45 


In spaces L 4 and li 4 the variation has been reduced by more than 
half, in the other two spaces by about one-third. 
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Two points should be noted reg’^rding these modified figures: 

a. The standard deviations in Table J, compared with these reduced 
values, indicate how percussion increases the variation which is found 
in x-ray teehnicpie itself; this variation arises because diaphragm move- 
ment introduces discrepancies between different radiographs taken 
from the same person, owing to the difficulty of securing the same mid- 
phase of respiration on successive occasions — a difficulty that is well 
recognized by radiologists. 

b. Improvement of percussion technique cannot eliminate the variation 
due to diaphragm movement, but repetition of observations can reduce 
it. If the variation between percussion errors in a certain iuterco.stal 
space in the same patient (see below) is represented by a standard 
deviation of 0.8 cm. and if a physician desires greater precision, he can 
obtain it by percussing the cardiac border several times at intervals 
of a minute or two, without allowing the different results to influence 
each other. During the intervals the patient will breathe and set him- 
self afresh at the midjihase of respiration. The mean of four such read- 
ings would have a standard error of 0.4 cm. (division of O.S by V 4 ). 

4. Change in Accuracy of Physician . — The physician did not see the 
films until the whole survey was completed. The percussion was done 
at intervals throughout four months, but no tendency towards a change 
in accuracy was found. Usually not more than four students were per- 
cussed on any one occasion. On three occasions when five or six were 
percussed, the errors were tested for fatigue effects, but none was found. 

RELATIONSHIP OF PERCUSSION ERROR AND BODY JIBASUTIEMENTS 

The statures and weights were obtained from the students’ healtli 
service records. The chest measurements were made, not with anthro- 
pometrieal accuracy, hut by a pelvimeter, so that, if they proved of 
value, a clinician might easily make them when pereu.ssing a. patient. 
Coefficients of correlation were calculated to express the relation.ship 
between these measurements and the errors in space L 4, on about 90 
students in each instance. 

The numerical error, regardless of its direction (+ or -) had a low 
and nonsignificant correlation with stature, weight, antei’oposterior 
diameter of thorax, transverse diameter of thorax, height of thorax, 
and subcostal angle (measured roughly by tracing on paper). 'When 
the direction (-^ or -) as well as the numerical value of the errors was 
considered, there was still no significant correlation betv een the error 
and the body Aveight or the transverse diameter of the thorax. There 
was, however, a .slight but definite tendency for the percussion marker 
to be placed more and more laterally with increasing stature (coefficient 
of correlation, r == 0.26), and Avith increase in the miteroposterior di- 
ameter of the thorax as measured at the fourth costal cartilage 
(j. ^ 0.24) . The stature-percussion relationsliip could not be accounted 
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for 1)y Ihc slij^hi Icndonoy for InlJer sfndeols 1o have deeper chests 
(r = 0.21), These .slight rclation.ship.s, whatever tlieir interpretation, 
liave no ])ractieal value, but are mentioned as of po.ssible intere.st to 
other inve.stigatoi-s. 

An attempt was made to obtain by profile and oblique radiogi'aphs an 
indication of the thickness of the thoracic skeleton, muscle, and fat over- 
lying the heart, but the results wei-e not good enough to .iustify an at- 
tempt at correlation with pereu.ssion erroi-, 

VARIATION' OF PERCUS.SIOX ERROR IN' THE SA.AIE SUR.IECT 

Kurtz and White"' stated that thickne.ss of chest wall, age, and sex did 
not seem to affect pereu.ssion error, but it appears to be well recognized 
that large mammary glands reduce the reliability of percussion, that i.s, 
reduce the ob.server’s confidence that he will find the same I'csults on 
repeating the percussion under the same conditions. We have not a large 
series of exact duplicates, and the .survey did not include females, but our 
data indicate an answer to the question; I.s the variation between re- 
peated observations on the same penson any less than the variation, for 
instance, in Table I, between different people; or is there any factor 
(apart from ma.jor factors, such as, perhaps, large mammary glands or 
intrathoraeic adhesions) that tends to make the pereu.ssion error charac- 
teri.stic of the individual student or patient ? Three .sets of observations 
provide evidence regarding this: 

1. p’or ninety-one of the students in Table I the error in recumbency 
was compared with the corresiionding eri-or in the erect position. The 
coefficients of eori'elation were: space L 1, -0.324; space L 4, -0.376, 

2. Through a ini.sunderslanding, seventeen students stood for filming 
with their arms not properly at their side.s. Pereu.ssion and filming 
were therefore repeated. The errors in sjiace L 4 in the dujilicate films 
gave a correlation coefficient of -0.40, 

3. In the films of .Special Series III the en-ors of the two physicians 
in space L 4 .showed a correlation coefficient of -0.36, 

Both the coefficients in 1 are significant. Tho.se in 2 and 3 taken 
separately are not, for the samjiles are small, but all four agree rather 
closely. They are not large enough to make an.v reduction of practical 
importance in the standard deviations of Table I. .So far as could be 
demonstrated, the variation in error in repeated pereu.ssion of the same 
penson wa.s, for practical pnrpo.sc.s, as great as in the pereu.ssion of dif- 
ferent iiei'son.s. 

COJIFARISON' OF THE FERCL'S-SION' OF TWO FIiy.SICIAXS 

On ten .students {.Special .Series III) .selected at random from those 
previously percu.ssed (Table I) a second experienced physician percu.ssed 
the heart and vessels and obtained films as before, but used a method in 
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wliicli the tip of the pleximeter finger instead of its volar surface was 
applied to the chest, and the plessor finger struck tlie region of the 
terminal interphalangeal joint of tlie pleximeter finger. Table II shows 
that in the upper three spaces the second physician’s error exceeded 
that of the first physician to a greater degree than should he attributed 
to chance. There was a ju-onouneed tendency for the markers of the 
second physician to he lateral to the cardiovascular shadow in these 
spaces. It did not, appear likely that these differences were due to the 
aorta, which may cause difficulty in the upper part of the ca]*diovascular 
shadow. In spaces L 4, L 5 and E 4 there was no significant mean dif- 
ference between the errors oC the two physicians. 

t.mile it 

Comparison of Perctssion Eup.ors of Two Physicians 

(The aSTiimerical DifTerences Were Found Eegardloss of Wlietlier the Percussion 
tVrrcs Were Medial or Lateral to the X-ra_y Borders) 


MEAN of differences IN ERROR IN TEN STl’DENTS, I.E., ERROR OF SECOND 
PHYSICIAN MINUS ERROR OF FIRST PHYSICIAN 


INTERCOSTAL 

STUDENTS ERECT 

STUDENTS 

RECUMBENT 

SPACE 

MEAN DIFFERENCE 
IN ERROR 
(CM.) 

STATISTICAI. 

SIGNIFICANCE 

mean difference 

IN ERROR. 
(CM.) 

STATISTICAL 

significance 

L 1 

+1.19 

Higlily siguift- 
cant 

+0.98 

Significant 

1 j 2 

+1.22 

Highly signifi- 
cant 

+1.04 

Bignificant 

L 3 

+1.09 

Higlily signifi- 
cant 

-fOlW 

i 

Highly signifi- 
cant 

. L 4 

-0.12 

Not significant 


Not significant 

L 5 

0.00 

1 Not significant 


Not significant 

E 4 

-0.21 

Not .‘significant 


i Not significant 


In spite of its greater mean errors, the second physician’s percussion 
might still he the more relialile if its variation were less than that of 
the first physician. There was, however, no significant difference in the 
variation, as shown by the z test. It may he reasonably claimed tliat 
the two methods are equally satisfactory, provided that allowance is 
made for the differences if a patient percussed hy the one physician is 
subsequently pei’cussed by the other. 

ESTIM.ATIOK OP PERCUSSION ERROR FROM SiMALL .SAJIPLES 
111 alloAving for percussion error, each physician should know the er- 
ror of his own technique, and yet the expense involved may prevent his 
using many large fihns. Decisive results have been extracted above 
from small samples (Special Series I, II, and III), and similarly an 
observer may, for instance, compare two methods or test liis increase of 
accuracy after practice. The nece.ssary statistical techniques (/ and s 
tests) have been specified above. They are often simpler than large- 
sample techniques, they are .easy to learn, and the arithmetic for all the 
intercostal spaces need not occupy more than a ])age or two of foolscap. 
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Apart from .sucli comparisons, liowever, the ol)serv(;i' must ask: To 
what extent may my small-sample estimate of mean error and standard 
deviation differ from the ‘Hrue” A'alues of those quantities, that is, those 
approached by iTiereasinj? my obsei-vations more and more ? One example 
briefly discussed will suggest the answer to such questions. 

One set of ten films taken at random from the main series in this in- 
vestigation showed a mean error in .space ]j 4 (erect) of -0.97 cm.; 
standai’d deviation, ±1.45 cm.; .standard eri’or of mean, ±0.46 cm. There- 
fore, on the usual convention regai'ding stati.stical significance, the 
^'true” mean eri’or may lie anywhere between -fO.07 cm. and -2.01 cm. 
If the standard deviation remained as above, and the films were in- 
creased to 25, the po.ssible di.screpaney ff-om the “true” mean erroi- 
might, on the .same convention, be ±0.6 cm.; for a sample of 50 films, 
±0.4 cm. ; and for a .sainple of 100 films, ±0.3 cm. 

The po.ssible inaccuracy of the standard deviation in this sample is 
fully di.scu.ssed elsewhere (i\Iainland‘). Jlegardle.ss of actual e.stimate.s, 
any standai’d deviation estimated from a sample of ten may be an under- 
e.stimate b,y nearly 40 per cent of the “true” .standard deviation; from 
a .sample of 25, by 24 i)er cent; from a .sample of 100, by about 12 
per cent; and from a sample of 1,000, by 3 or 4 per cent. 

AVith such knowledge the ob.servei' may decide that complete cardiac 
fihn.s, to be sufficient in number, would be too expensive, and that he 
.should test his percu.ssion by a fluorosco])ic screen or by naiTow strips 
of film to cover the region in which he has found the heart boj'dcr b^' 
percussion. 

.SOniAKY 

The deep dullne.ss of heart and superior mediastinal ve.s.sel.s was per- 
cussed on 110 male university .students (erect and recumbent) by one 
phj'sician, wire markers were fa.stencd to their chests, and teleoradio- 
graphie films Avere taken. All results Avere analyzed statistically. 

In these students the mean errors (diffej'ence between ijcreussion 
and x-ray borders) Avere le.ss than 1 cm. in most intercostal .spaces ; btit 
much greater alloAvance for po.ssible error had to be made in i)ereu.ssing 
any one indiA’idual — for example, a I'ange of ovei- 3.5 cm. in tlie fourth 
left intercostal space in erect students. 

The differences in error betAs-een erect and recumbent positions could 
be largely attributed to dispersion of x-rays. 

For practical purposes the A'ariation betAveen tAvo percussions on the 
same .student AA'as as great as betAA'een different students because the cor- 
relation betAveen the errors in repeated percu.ssion of the .same student.s, 
although significant, AA'as Ioav'. 

From one-third to one-half of the A'ariation in the cardiac (but not 
the .s-uperior mediastinal) region AA'as attributable to diaphragm move- 
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ment, owing to the impo.ssil)i]ity of seeuTing the same midphase of 
respiration on any two occasions. 

The risk of wide error in any individnal percussion could be greatly 
lessened by taking the average of several indepciident readings, thereby 
reducing the effect of diaphragm movement. 

Stature, weight, and chest size or shape had no important relationship 
to the percussion error. 

Ten students, taken at random, .sufficed to show the difference in error 
of two experienced jdiysieians. 

Since each o1.)sorver sliould know his own percussion error, the amount 
of information obtainable from a small series of films is illustrated. 

We \visli to acknowledge our iiulebtednesp to the Banting Foundation of Toronto 
for financing this re.^ioareh, and to Dr. C. W. Holland, Dr. T. M. Sieniewicz, and 
Dr. C. M. Jones, of Dalhousie University, for the time and care spent in the per- 
cussion and radiology. A summary of part of the work was given at the Oxford 
meeting, July, 1.Q.37, of the Anatomical Society of Great Britain and Ireland 
(MainlandG), and. has heen incorporated herein with the permission of the Society. 
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AN INJECTION PLUS DISSECTION STUDY OF CORONARY 
ARTERY OCCLUSIOxNS AND ANASTOMOSES^"^ 


AIoxhoe J. Schlksixgek, Ph.D., ]\I.D. 

Boston, ]\Iass. 

C AREFUL, imixorlanl, and informing studies on the anatomy, dis- 
trilmtion, and anastomoses of the eoi-onary arteries in both noi-mal 
and pathologic Iiuman iieai-ts liavc been pursued for hundreds of years, 
ever since Lower first descrilxed such anastomoses in 1071. Nevcrllie- 
less, to this day, in any series of licarts studied from the viewpoint of 
the correlation of the site of cardiac infarcts and of coronary occlusions, 
numerous instances of what are apparently inconsi.stent findings are 
encountered. It was our jmrpo.se to attempt to find an explanation for 
these apparent ineonsisteneie.s. Becau.se of the high incidence of in- 
farcts in the left ventricle, a region obviously supplied by the left coro- 
nary artery, most attention is usually given to this ve.ssel. Wc also at 
first confined our attention to the .sliidy of the loft coronary artery. A 
frequentlj' described finding is marked narrowing or even complete occlu- 
sion of one or of several of the main branches of this artery with no 
definite infarct in the left ventricle, or, at most, some diffuse, micro- 
scopic myocardial fibrosis. AVhen this is found, it has been a.ssumed that 
a collateral circulation had nouri.shed the myocardium oi'dinarily sup- 
plied by that part of the ve.ssel distal to the occlusion. Attempts to 
demon.strate such collalcj-al circulation by direct, unaided di.sseclion are 
rarely suece.ssful. 

Occasionally a heai-t is encountered in which a fj-esh infarct is pi’csent 
in the left ventricle, but in which an attempt at complete di.ssection of 
all the bi’anches of the left coi-onary artery fails to reveal the ve.s,sel with 
the fi’e.shly deposited occluding thrcmbus. The most that is found is 
marked aiJeriosclerotic narrowing in one or several of these branches. 
Then one of two assumptions is made. Most commonly, spasm, with 
temporary complete occlusion of the narrowed zone, is po.stulated. From 
the structure of the naiTowed artei-ie.s, this explanation is difficult for 
the hi.stologi.st to accept. He is more often ready to admit that his dis- 
secting scissors may have dislodged a small thrombus from a narrowed 
area. For this reason, when .seeking areas of complete occlusion, some 
prefer to use multiple, closely .spaced cross sections of coronary arteries 
for routine di.ssection. 

*From the Pathology J^ibovutory. Beth I.srael Hof-'plOiI aniJ the Department of 
Pathology, Harvard lledical .School. Eo.ston. 

Ke.-id in part before the American Heart Ai:.Koclatlon, Atlantic City, X, J,, .Tune, 1337. 
.\lde<1 by a grant from the Proctor Fund for The Study of Chronic DiHC-a.^CK, 
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Noteworthy contributions, nevertheless, continue to be made by care- 
ful ordinary dissections. Thus, in the recent publication of Sapliir, 
Priest, Hamburger, and Katz," careful, complete dissection of the main 
branches of the uninjected coronary artery tree led to tlie significant 
conclusion tliat ''wherever a myocardial infarct was encountered, at 
least Iavo branches of the coronary arteries supplying the infarcted areas 
were involved.” However, even by the most painstaking and tirae- 
cciisumiiig dissection, only the major branches of the coronary arteries 
can be opened and inspected. After performing such a dissection on 
tlie uninjected arteries and with our attention focused on the left coro- 
nary artery, we have never felt sure that no branches have been missed. 
Saphir and his associates" abandoned attempts to inject the vessels be- 
cause of the possibility of dislodging or losing a thrombus. By carrying 
out the injection slowly and carefully and by keeping the injection pre.s- 
.sure within physiologic limits (150 mm. Hg), we hoped to minimize this 
danger. In our preliminary experiments we injected hot agar, tinted 
vith methylene blue. After such a procedure the agar quickly hardened, 
the injected vessels were distended, their intimas were tinted, and the 
,dis.section was much facilitated. Even after this preliminary injection 
of colored agar, however, the dissection could not be carried out to small 
vessels obviously injected and tinted. 

In some of our earlier experiments the colored agar injected into the 
left coronary artery returned through the open right coronary artery, 
thus crudely demonstrating a connection between the two coronaries. 
Similar observations were made by Oberhelman and Le Count,® who 
injected mercury at a iiressure of 150 mm. Hg. It soon became obvious 
that to untangle the inconsi-stencies encountered in connection with oc- 
clusions of the branches of the left coronary artery, it would be neces- 
sary to use a method capable of completely and simultaneously visualiz- 
ing tlie entire coronary artery tree in a manner such that the whole 
, course of each individual arterial branch could he studied for defects, 
narroM'ing, occlusions, or ana.stomoses. Karsner® called attention to the 
inadequacy of the available methods for this purpose. 

In modern times three types of proeedui'es stand out as having 
yielded the most information in the hands of ditferent workers. These 
are all modifications of methods used by numerous previous investi- 
gatoi’s. The monographs of Gross,^ of Sjmlteholz,^' and of WJiitten^ 
give an adequate and. complete review of the literature of the various 
methods previously used. 

Gross'* injected the coronary arteries with a suspension of barium 
sulfate in warm gelatin, fixed the heart in into in formalin, and took 
stereoscopic roentgenograms. Because of the overlapping of the vessels 
from the various planes of the heart, interpretation of such films is very 
difficult. Even the stereoscopic vieAV of such films leaves one much in 
doubt about anastomotic channels. Because of its crescentic shape, this 
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is especially true of the vessels of tlie intervcntricuhir septum. On the 
otlier iiand, occluded branches can be very easily overlooked. In an at- 
tempt to overcome these diflieultie.s, Gross and Kuf?el‘ have i-occntly 
modified the original method by .slicing the injected and fixed heail and 
then taking stei-coscopic roentgenograms of the .slices. 

Spalteholz," after injecting the coronaiy arteries with gelatin in which 
were su.spended various minerals or other oi)aque substances, fixed and 
bleached the entire heart and then clem’cd the specimen by a technic 
similar to that used for clearing small blocks of tissue fo)‘ microscopic 
sections. The main objection to this metliod, as Sjialtehok himself recog- 
nized, is that the clearing is often irregular and incomplete, especially 
in the thicker portions of the specimen. Thus one cannot be assured 
that in ever.y heart he will be able to visualize in its entirety even that 
part of the coronaj-y aileiy tree which has been injected. It is obvious 
that .such a method is unsuitable for a complete stud.y of the distribu- 
tion of all occlusions and ana.stomo.ses in individual hearts. 

AVhitten," after a careful and exhau.stive review of the various methods 
which have been used for ox]>loring the entire vascular system of the 
heart, concluded that eelloidin injection followed by corrosion was the 
most suitable. Ilowevei*, such a method de.sti’oys the tissue completelj', 
and can bo used only when no other studies arc to be made on the heart. 
Most of the human hearts obtained at autoj)sy aix* too valuable to be 
almo.st completely sacrificed to one purpose. This is especially true w’hen 
infarcts or other lesions are present. 

The fact that one must trace a particular vessel through a maze of 
branches of other ve.ssels is a di.sadvantage common to all tliese methods. 
This has been comi)ared by Crainieianu* to a winter scene of a street 
lined on either side with trees with their bare branches oveilapping. 
Anastomoses between two trees are always api^arent, although one knows 
it cannot be true. If this overlapping could be eliminated, the method 
of Gross Avould probably be most suitable for our purpose. Others 
(Orainicianu,® Campbell,” and Gross and KugeT), recognizing the limi- 
tations of the original method, have attempted to circumvent them by 
dissecting out various parts of the heail, after injection and fixation, in 
order to obtain unob.structed roentgenologic views of selected i-egions for 
study of particular ve.ssels. None has succeeded in displaying simul- 
taneously all the major ve.ssels and po.ssible anastomotic channels Avith- 
out overlapping. 

Spalteholz,® using the data of Bianehi, devised a very useful diagram 
(Fig. 1) illustrating how the coronary aiteries Avould be arranged if they 
could all l)e laid out in one plaTie, If, instead of making a diagram, it 
were actually ])o,ssil)le to do this Avilh each individual heai’t, our purpose 
could be accomplished. .Sjjalteholz’s diagram Avas made in much the same 
manner as a map of the earth is prepared. Tlic conical pi'ojection method 
of cailography consists of the ])rojection of a hemisphere on a holloAV 
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cone. This cone is then cut along one of its meridians, from base to 
apex, and its conical surface laid out flat. Since the ventricles of the 
heart make a roughli* conical mass and since most of the large ve.ssels lie 



close to the surface of tliis cone, such a procedure sliould be applicalflc 
to tlie heart, klany apparently formidable difficulties must lie sur- 
mounted, however, before this simple concept can be transferred to 

actual practice. , 
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In the first place, the conical mass of the venti-icles is vertically tran- 
sected b.y the interventricular se]>tuin, which lies in another conical 
plane. This septum carries important arterial branches whose relations 
to the rest of the coronary ti-ee must he preserved. The orifrinal Sjjalle- 
hoh diagram and modifications of it (Saphir and his associates’) make 
no attempt to include the vessels of the interventricular septum. This 
deficiency is indicated by the inclusion of a cutoff stump of a branch of 
the left descending coronary artery, which is labelled A. septi vcntricu- 
lorum. This implies that the septum is entirely suj)plied by the left 
descending coronary artery, which is decidedly at variance with the 
observations of other investigators. 

The second question was the selection of the propei- meridian on which 
to cut the ventricular cone to give the lea.st distortion of the picture. 
Tliis incision should neither tran.sect any large branches with their areas 
of occlusion noi’ pa.ss through any of the co}nmon areas of po.ssiblc 
anastomosis. Spalteholz, in his diagram, recognized this difficulty, for 
he duplicated a portion of the termination of both coronaTy arteries. 
Thus, he .sugge.sts cutting on a meridian corresponding to cither the acute 
or the obtuse margin of the heart. However, the former incision would 
cut through the right coronary artery and the latter through the left 
circumflex artery. We avoided both thc.se anatomic landmarks and cut 
on a mei'idian .slightly to the right of the anterior intervent i-icular sulcus. 
This is a relatively “.silent area” in the heart in }’elation both to large 
ve.ssels and ana.stomotie channels. 

The third major difficulty is presented by the complicated pattern of 
valves and valve rings forming the base of the hypothetical venti’icular 
cone (Fig. 9). Furtherniore, .superimpo.sed on the base of tliis cone are 
two irregularly .shaped auricles Avhich it is also desirable to preserve. 
In the mid.st of these structures are the origins of the two coronary 
arteries. The position of the.se latter openings also influenced us in tlie 
selection of the proper meridian for our finst incision. The meridian 
selected, Avhen continued acro.ss the ba.se of the cone, falls between these 
two openings, so that Avhen the cone is entirely flattened out, the origins 
of the tAvo eoronaiy arteries are located at the extreme ends of tlie 
straightened out base of the cone, in.stead of in the middle, as in the 
Spalteholz diagram. It aa'us also neee.s.sary to dcA'ise appropriate incisions 
to divide the aurieuloventrieular A'alA'es and the auricles so that these 
and the other important .structures in the base of the heart Avould be 
left in suitable condition for the demon.stration of any pathologic changes 
Avhich might be present. 

The .sucee.ss of a method inA'olving such an unrolling of the heart Aviih 
sub.ser|uont roentgenologic A'isualization of the previously injected artei'ies 
Avould depend largely upon the selection of the pro])er injection ma.ss. 
This ma.ss mu.st 7iot be intrinsically injurious to the tissue.s. It should 
be freely fluid at a temperature not injurious to the tissues. It should 
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have sufficient radiopaeity to allow visualization of the smallest vessels 
injected. It should preferably penetrate uniformly to all the smallest 
arterioles, but not to the capillaries. It should be of such a nature that 
the injection may be completed rapidly. It should be possible to harden 
the mass jiermanently and rajiidly after injecting it, so that none could 
eseai)e during the unrolling process. After hardening the mass, it should 
be flexible enough so that the heart could be unrolled Avithout distortion. 
To obviate the danger of producing a rti factitious occlusions where none 
exist, it should contain no large particles. After hardening, it should be 
of such a consistency that it may be removed easily during the dissection 
of the eoronaiy arteries. The agar solution used for our jireliminary 
.studies seemed ideally adapted to this purpose, if the proper radiopaque 
siib.stance could be incorporated with it. 

From the large number of radiopaque substances available, we selected 
a lead salt. It Avas to be expected that lead, AAuth its high atomic Aveight, 
Avould give a dense shadoAv in vessels so small that only a thin line of 
the injection mass could enter. A variety of soluble and insolulile lead 
salts AA’as tested. Many methods of ineoi’porating the lead salt Avith the 
agar .AA'ere tried AA'ith varying success. A satisfactory lead-agar mass was 
Anally obtained bA' di.ssolA'ing poAA’dered agar in a suspension of freslily 
precipitated lead phosphate Avhieh had never been alloAved to dry. This 
mass AAms used throughout the series of injections lierein reported. To 
facilitate outlining the distribution of the tAvo coronary arteries, Ave 
added methylene blue to the mass injected into the left coronary artery 
and ba.sie fuehsin to the ma.ss going into the right coronary artery. 

BeloAV are given the specific procedures, Avith their pitfalls indicated, 
for preparation of the mass, for injection of the arteries, and for un- 
rolling the heart preliminary to making the roentgenogram. After these 
pi’ocedures are carried out, aa'c alAAuys perform a complete dissection of 
the injected arteries in order to confirm, correct, and extend the obserA'a- 
tions recorded roentgenologically. 


TECHNIQUE OP PREPARING HEARTS 
Freparaiion of Tinted Fadiopaque Injection Mass 
Solution A 

Lead Acetate (Pb(C,HA)='3H,0), C.P «0.0 gni. 

Distilled water 172.0 c.c. 

Heat to dissolve; filter through paper; and allow to cool. 

Solution F 

Disodiuni phosphate (Na.HPO, 'anhydrous) C.P 24.0 gm. 

Distilled water 1.00.0 c.c. 

■ Heat to dis.solve, filter tlirough paper, and allow to cool. 

1. Place 1.5 gin. of agar-agar (Difco granular) in a 2,000 c.c. bulb flash. 

2. Add 100 c.c. of solution xV (lead acetate). 

3. Add i c.c. of 0.06 per cenjt phenol red. 

4. Add 70 c.c. of solution B (disodium plio.sphate). 
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5. Add, from n jiipeffc, ]0 jior (•onf, NnOH fo firs! p(!rrnim(!ii( pink lingo (nboiif, 
21 

fi. Bring total volume fo 200 e.c. with distilled walcr, 

7. Boil over free flame with constant stirring until agar dissolves — about ten min- 

utes. 

8. Add methylene blue or basic fuchsin in a saturated alcoholic solution — 8 c.c. 
fl. Heat on a free flame for one minute with .stirring. 

10. Strain, while hot, through .several layer.s of gauze. 

11. Distribute into .50 c.c. centrifuge tubes, 3.5 c.c. to a tube. 

12. Stopper and pre.serve at room temperature. 


Finnl Composition of JitjrcHon Mass 

Lead fas the insoluble jihosphafe) 8.00% 

Agar-agar 0.7.5% 

Neutral .sodium acetate — j)ho.sphate buffer 1:5.00%. 

Afethylene blue or basic fuchsia (in .sat united alcoholic solution) — 3.00% 


In this mass there is a .slight exce.ss of pho.sphate ion, which insures complete 
precipitation of the lead. If any soluble lead acetate were present, it would dif- 
fuse out of the ve.s8elH and produce distortion in the roentgenogram. Attempts to 
di.ssolve the agar in the autoclave always resulted in a lumpy mass. The solution 
over a free flame is ctirried out in a relatively large flask because at first there is 
much frothing. As the agtir dissolve.s, the frothing diminishes and finally practically 
ceases when the solution is complete. If the ma.ss is to be kept in stock for any 
length of time, it is better to add the dyes after it has been remelted for use, just 
before injecting it into the arteries. The pho.sphate mixture is so adjusted that the 
final reaction of the ma.ss is neutral. This is lea.st injurious to the tissues. The in- 
soluble lead pho.«phate precipitate falls out of sii.siiension so slowly as not to inter- 
fere with the injection jirocedure. 

METHOD OF IK.IECTIKG ARTERIK.S 

The coronary arteries are injected a.s soon as po.“sible after tlie autop.'^y. We have 
injected hearts within an hour or two after death, and after they had been kept in the 
icebox for several days, and have not noted any consistent difference in the ease or 
completene.“S of the injection, or any other variation depending upon the length of this 
interval. We have never found it necc.'^.sary to relax the ve.‘:.“els by perfusing them 
with a solution of potassium sulfocyanide, as suggested by Gro.=s,-* when one wi.shes 
to hurry' the injection, ^Mien nece.«.sary, the entire pro,';edure can bo comideted 
quite rapidly, that !.«, within one-half hour. We have repeatedly demonstrated the 
wet roentgenogram and the comjilctely dissected heart at the autop.cy table before 
the remainder of the autop.sy was completed. The details of the injection procedure 
are as follows; 

1. Cannulate the right and left coronary arteries. 

Di.«sect carefully around either artery' just as it leaves the aorta, and tie the 

cannula in .securely', making sure that no branch is jtroximal to the tie. 

2. Warm heart fo 44° C. in a bath of phy.siologic salt solution. 

a. This bath is readily prepared by' mixing one part of filtered 18.0 per cent 
N.'iCl with 19 parts of warm tap water. 

b. A thermometer .should be iflaced directly in the chamber of the left ventricle, 
as this is the slowest fo warm up. This takes from ten to twenty minute.*:. 
This bath is easily' kept at the proper temperature (44-4.5° C.) throughout 
the injection by' means of an imniersed electric heating coil and a bimetalic 
immcr.“ion thermoregulafor. 
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3. Simultaneous!} ^\ash both coronary arteries witli about 100 c.c. of ■warm physiologic 
salt solution injected at 150 mm. Hg pressure. 

a. The cannulae to tlie arteries are previously connected to containers (50 c.c. 
centrifuge tubes) tilled with warm phj'siologic salt solution from the bath. 
These containers and the rubber tubes connecting them with the cannulae 
are immersed in the same 44-45° G. bath as the lieart. 

b. Each container is connected to a separate mercury manometer, and, by 
means of A -tubes, both to tlie same 50 c.c. syringe, which is used as a 

. source of pressure. 

c. Air bubbles are seen to rise from tlie heart as tlie warm salt solution tills 
the vascular system. The salt solution wash should not be discontinued until 
no more bubbles rise. 

4. Simultaneously inject both coronary arteries with the warm lead-agar mass at 
. 150 mm. Hg pressure. 

a. The mass, kept in 50 c.c. centrifuge tubes, is previously melted in a sepa- 
rate bath of boiling water. 



I. , • - . II. III. 


■Fig. 2.— Apparatus for injection, composed of : 

■ I. Double manometer consisting of; 

A' and A", three-way stopcocks G, Manometer for right coronary artery 

S, Manometer -.for. left coronary artery D, 50.0 c.c. syringe for pressure. 

11. 45* C. salt solution bath containing: 

E, Reservoir for injection hiass for left J. Heart 

coronary artery ' • K, Thermoregulator 

E, Reservoir for injection mass for right L. Thermometer 

coronary artery ill, Electric Heating Coil 

G, Cannula in left coronary mouth Ab Holder for I’eservoirs 

H, Cannula in right coronary mouth O, To electric outlet. 

III. Cold salt solution bath with ; 

P, Ice. 

b. The mass after melting is cooled and kept liquid by immersion in the same 
44-45° C. bath as the heart. 

■ c. The injection is continued until the manometer readings remain constant 
for several minutes at 150 mm. Hg pressure without the application of any 
more pressure. This usually takes less than live minutes. 

5. To insure flow through any anastomoses which may be present, the pressure in 
the left coronary artery is then reduced to zero or lower, and that in the right 
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coronary artory kept at ]:10 inni. Hfr. Tliia condition is maintained for several 
minutes. The process is then reversed, i.e,, hnv pressure maintained in the right 
coronary artery, and high in tlie left. (At this stage tlie heart should be lifted 
gently from the salt solution for short inspections to bo sure that the injection is 
progressing satisfactorily.) 

0. Set the mass by cooling the heart in a separate batli of iced physiologic .salt 
solution. 

a. The cannulae are i)reviou.sly clamjwd with the pressure at 1.^0 mm. ITg and 
tlie heart disconnected. 

b. This bath is readily jirepared by ini.ving one jiiirt of filtered LS.O per cent 
NaCl with ice and sufficient tap water to make a total volume of 20 parts. 



Fig'. 3. — Intact Jjeart with inci.sion 1 indicated. (Reduced to tt- 
In Fig.s. 3 to 8 the following .structures are labelled : 
A, Cannula in right coronarj- orifice O, Pulmonary artery 

J5, Cannula in left coron.ary orifice //, Intci-ventricular .septum 

C, Right auricle /, Pulmonaiw valve 

D, Reft auricle ,/, Aortic valve 

E, Right ventricle K, Mitral valve 

F, Left ventricle L, Tricu.spid valve. 


normal .size. ) 


c. Tlie mass sets quickly at temiieratures below 20° C. 

d. The mass will remain solid .at room temperature. 

7. Dissect the heart to flatten out the coronary arteries {sec method and steps below). 

8. Make roentgenogram of fiattened-out coronary arteries. 

a. Place the heart with the pericardial surface in contact with the x-r.ay film 
holder. 

b. Technical factors used in making radiographs of the unrolled heart: 

Tube — XP — 1 — W; fine focus; di-rtance, 42 inches; rnilliamperes 20; kilo- 
volts 48; medium cone; time, 1 second; plain folder. 
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9. Open the coronary arteries as far as possible. 

a. The injection mass will be a gray mush, easily removed in small bits. 

b. The intima of the vessels will be tinted red if reached by the mass from 
the right coronary cannula, blue if reached by that from the left, and purple 
if reached by both. 

The apparatus for injection is sliown in Fig. 2. Tlie entire apparatus is com- 
pact, occuxjying a space 28 inches long and 15 inches wide. It can, if necessary, be 
constructed from equipment ordinarily at hand.’’ 

INCISIONS AND STEPS NECESSARY TO UNROLL THE HEART AND 
FLATTEN OUT THE CORONARY ARTERIES 

First Incision (Fig. .3). Starting in the pulmonary artery, opening up the pulmo- 
nary- valve and right ventricle on a line just to the right of the anterior interventricu- 
lar sulcus, and extending completely to the ajjex. 



Fig. 4. — Incision 1 has been made, and incision 2 is indicated. (Reduced to nonnal 

size.) 


Second Incision (Fig. 4). Starting in the aorta, between the right and the left 
anterior cusps of the aortic valve, behind each of wliich is one of the cannulated 
coronary artery orifices, extending down about 1 cm. into the base of the septum, and 
thus dividing again the pulmonary valve and its ring. 


*The entire constant temperature apparatus, including thermoregulator, hmnersion 
coil, and bath, may be obtained from the A?nerican Instrument Company, Baltimore, 

The holders for the injection mass were made by Mr. P. Tuzik, S2 Chikatawbut 


Street, Dorchester, Mass. 

The double manometer may be obtained from 


Macalaster Bicknell Co., of 


171 


Washington Street, Cambridge, Mass. 
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Third Incision (I’ig. 5). Starting at llic inferior termination of tlie rcconrj 
incision, continuing anteriorly along tlic base of tlic interventricular septum to the 
upper end of the anterior border of this septum, and then along the anterior border 
of this septum, completelj' to the apex; thus separating the interventricular septum 
anteriorly from the ventricles. 

Fourth Incision (Fig. (5). Starting again at the inferior termination of the sec- 
ond inci-sion, continuing posteriorly along the base of the interventricular septum 
to the upper end of its posterior border, and then along the posterior border of thi.s 
septum, completely to the apo.x; thus connecting with the third incision and com- 
pletely removing the interventricular septum. 



Fig^. . 1 . — Inciston.s 1 and 2 have been made, and inci-sion 3 is indicated, (Reduced to 

If- normal size . ) 

Fifth Incision (Fig, li). Starting at the middle of the free border of the anterior 
cusp of the mitral valve, this cusp is bisected, and the incision continued through 
the mitral ring, and through the aortic ring to .separate the left aortic cu.sp; from 
the posterior aortic eu.sp. The left auricle having been entered from below, the 
incision is carried parallel to the left .side of the interauricular sejjtum to and 
through the pulmonaiy veins to unroll completely the left .side of the heart. 

Sixth Incision (Fig. 7). Starting at the junction of the anterior and the medial 
cusps 'of the tricu.spid valve, diriding the tricusp>id ring and continuing acro.ss the 
aortic ring to separate the right anterior aortic eu.sp from the po.stcrior aortic cusfj. 
The right auricle having been entered from below, this inci.sion is carried parallel to 
the right side of the interauricular septum, to and through the .superior vena caval 
opening to completely unroll the heart.® (Fig. 8.) 


♦The roentgenogram of the vessels of this heart is .shown in Fig. 12, 
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Particular attention is called to inci,«ion.« 3 and 4, wliicli were devised to remove 
the interventricular Kejituin. Jt is often more convenient to make incision 4 before 
incision Tlic object of these two incisions is to remove comjdetely the inter- 
ventricular sc])tum from the remainder of the heart. This is accomplished bv what- 
ever complicated incisions are found necessary in each particular case, following, 



however, the landmarks noted above. For the.>-fJ two incisions a small .sharp .scalpel 
is most convenient, all the other incisions beirijr made with .‘•cissors. 

In Fig. 0, from Cunningham,’*' the positions of incisions 1, 2, 5, and 0 are in- 
dicated on a diagram of the valves and valve rings: of the heart. From this it can }>c 
seen that the pulmonarv" valve is cut in two pieces, and the aortic v.alve in three 
segments, by this series of inci.“ion.«. The auriculoventricular valve.s are cut across 
only once. If during the cour.'-e of the dissection a lesion of the heart which it Ls un- 
desirable to cut through is encountered, it is always easy to turn a.side slightly 
without altering the general plan significantly. 
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TECHNIQUE OF STUDYING INJECTED HEARTS 

Gompanaon of Intact and Unrolled Heart 
The eonipleteness ■with "wliicli this kind of dissection eliminates tlie 
eonf using OYerlapping of arterial shadoivs obtained bv Gross’ method is 
illustrated by comparing Figs. 10 and 11. These pictures M'ere made 
from the same injected heart^' before and after carrying out such a dis- 
section. In Fig. 10, the vessels of the intact heart are viewed as if seen 
from the back, as in Gross’ monograph.-* In Fig. 11, the unrolled iieart, 
these vessels are viewed as if seen from the pericardial surface. The 
picture in this particular heart resembled tlie Spalteholz diagram so 
closely that it was possible to label the arteries exactly as they are labeled 
on that diagram. Only by comparison of the two pictures was it possible 



Pig'. 9. — Base of ventricles valves : 

1, Incision 1 from pericardium to pulmonary valve 

2, Incision 2 from pulmonary to aortic valve 
5, Incision 5 from aortic to mitral valve 

,6', Incision 6 from aortic to tricuspid valve. 

(From Cunningham’s Text-Book of .Anatomy, 'William "Wood & Company.) 

to label the same vessels in Fig. 10 of the intact heart. Then, to make 
correlation easier, the key numbers were placed as far as possible in the 
same relative positions near the appropriate vessels in both figures. Also, 
the fact that in both figures the branches of the left coronary artery are 
tinted blue, and the branches of the right coronary arteiy red aids in 
the correlation. 

Since at no place in the roentgenogram of the dissected heart is the 
shadow of more than a single thiclviiess of the cardiac wall present, many 
soft tissue details can also be seen. However, since the injection mass 

*Tliis heart (Case 24) 'was hypertrophied (600 gm.) and vas the seat of aortic 
stenosis with calcification of the aortic ring and leaflets. This calcification is seen in 
the roentgenogram just above the mouths of the coronaries. 

This picture also shows considerable arteriosclerosis of the various arterial branches 
with some distortion of tlieir lumina and some calcification. 
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used does not penetrate vessels of the calilKO' of tliose f^oing to the valves, 
this method gives no information about the vasculai-ization of the valves. 
In pictures such as Fig. It each individual vessel can be studied through- 
out for points of narrowing due to ai-teriosclerosis. Complete occlusions, 
of course, are easily seen and localized. The question of anastomosis can 
also be adequately .studied. 



Fiff. 10. — C-aKe 24. Intact heart. Numberinf? of ve.“.sels .‘same as in Fi^s. 1 nnrl 11. 

(Reduced to normal .«ize. ) 

Appearances of Arteriosclerotic Aarrowiiif/ and Occlusion in Injected 

Vessels 

The contour of the .shadow of the injected nonnal arteries is that of a 
hand with .smooth walls (Fig. 12). The tapering is uniform. The cour.se 
of even the mo.st tortuous vessels is easily followed. The occasional over- 
lapping of large ve.ssels eau.ses no confusion. The diameters of each 
ve.ssel and its branches can he easily measured. Because the exiiosure is 
made with the pericardial surface in contact with the film holder, the 
roentgenogi’am .shows almost no dLsfoilion of the diameter of the larger, 
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more superiicial vessels. The diameter of the smaller, penetrating ves- 
sels is, if anjTliing, slightly enlarged, making them easier to follo^v. 



Arteriosclerotic plaques which narrow or distort the lumen are easily 
seen as irregularities in the contour of the shadow. Not all such plaques 
cause a narrowing of the lumen. Some cause a distortion of contour 
without narrowing (Fig. 14). Others cause no distortion whatsoever and 
are not detected until the arteries are opened up. Stewart, Bireliwood, 


11. — Case 21. Unrolled heart. Numbering- of vessels same as in Figs. 1 and 10. (Reduced to % normal size.) 
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and AVells,” using- a method similar to that of Gross and injecting at a 
pressure of 95 mm. Hg, reported tlial. most arteriosclerotic plaques in the 
-coronary arteries cause no narj-owing of the lumen. We have repeatedly 
found irregulai-ities at the sites of arteriosclerotic j)laques in the eo 7 -ona- 
ries (Fig. 13, left eii-cumflex artery, ajid Pig. IG, left descending artery), 
in spite of the fact that our roentgenograms were taken whih; maintain- 
ing an even highei- internal pre.ssurc (150 mm, Hg). This discrepancy 
is probably due to the fact that unrolling the heart ju-oduces a sharper, 
le.$s di.storted view of the injected ve.s.scls and brings out details better. 

Calcitied plaques present a jjictui-e interesting in its vaj-iation.s. If the 
radiopacity of the plaque is the .same as that of the injection mass, the 
shadow of the pJnquc may fuse with that of the column repre.senting the. 
lumen, or may appear as aTi outpocketijig of this lumen (Fig. 14, left) 
de.scending artery.) When the lead-agar and the calcified plaque are of- 
diffei-ent densitie.s, the jfiaque often .stands out quite di.stinctly (Fig. 15,' 
3‘ight coronary avlery.) Jntcre.sting pictures are obtained when a J’ow- 
of small jdaques in the wall of the artery ai-e separated from the lumen, 
by a nonealcified layer. Then the shadow of the lead-agaj-. in the lumen 
has a wav,y irregular contour, next to which, and parallel to which, is a 
■series of irregular opaque blotches repre.senting tlie calcified plaques 
(Pig. 13, right coi-onai-y ai-tery.) ■ ; 

Zones of complete occlusion usually ■a])i)ear as obvious defects in the 
.shadow of the injected lumen. .Ilowever, if the occluded zone i.s calcified, 
the shadow of this calcium may simulate injection ma.ss in the lumen. 
No final decision as to the jiatency or occlusion of any vessel can be made 
from the roentgenogram alone. This decisioii is always j-cserved until 
nftei- the coronai-y artei-ies have been di.ssected. 

AmiHtomotic '.Z ones lieticecn liight and Left Coroiumj Arteries 

In the ]'oentgenogram of the unrolled heart the po.ssible ana.stomotie 
zones between the right and left coronary artei-ies are all widely sepa- 
rated, whereas in that of the intact heart these zones directly overlie one 
another. The fir.st of these zones lies in tlie anterior ])ortion of the right 
ventricle just to the right of, and parallel to, the anterior interventricular 
groove. The first incision de.seribed above is made neai- this zone. Along 
this line are the terminal twigs of many of the branches of the right 
coronary artery, and also .such branches of the left descending eoi-onarj- 
artery as may go to the i-ight ventJ-iclc. These ve.ssels are quite obvious 
before di.ssection because the branches of the right, and left coronary 
arteries are injected with masses of different colors. One can avoid going 
directly through this zone by placing the incision properly. In Pig. 11, 
along the cut edge of the heart, parallel to the left descending coronai-y 
artei-y, several terminal twigs of the right coronary artery may be seen. 
If there were any injected ana.stomotie ve.ssels bridging this gap, their 
shadows would be peri’cctly obvious. 
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The second possilile zone of anastomosis between the right and left 
coronary arteries lies in the region of the posterior interventricular 
groove. According to Spalteholzy in SO per cent of human hearts the 
posterior descending artery, lying in this groove, is the terminal portion 
of tlie right coronary artery. This is exemplified by the heart shown in 
Pig. 11. Ordinarily branches, or at least terminal twigs, from both the 
left circumflex coronary artery and the left descending artery reach this 
groove. We have found, as have Spalteholz,-’^ Whitten,^- and others, that 
the commonest variations in tlie vascular supply of the heart are found 
in this zone. These variations are esiieeially easy to study in the roent- 
genograms of the unrolled lieart and Avill be the subject of a separate 
communication. It is in this region that deceptive shadows of seeminglj’ 
anastomotic channels are most often encountered in the roentgenograms ; 
individual branches of fair caliber often apiiear to bridge this gap be- 
tween the left and the right coronary arteries. On dissection, however, 
these vessels are found to lie in different planes. 

In both Saphir 's modification^ of Spalteholz’s diagram and a drawing 
in Cvnninfjham’s 2'exfhool- of Anatomy (Fig. 9), a large artery is shown 
as a normal anastomotic channel between the termination of the left cir- 
cumflex coronary artery and the right coronary artery. lilautz and 
Gregg^^ experimentally induced the formation of a large anastomotie 
channel in this location in a dog by tying off the right coronary artery. 
In the human heart Ave have only once (Case 34, Table I) found suclr 
a channel. Our dissections have convinced us that in man such roent- 
genographic appearances should be comsidered as artifacts unless their 
existence is confirmed by dissection. 

The interventricular septum provides the third possible zone of anasto- 
mosis between the right and the left coronary arteries. One or more 
large branches of the left descending coronary artery regularly pene- 
trate this structure. It also ordinarily receives a larger number of 
smaller branches from its posterior border. These branches of posterior 
origin rmry in their source, depending upon Avhich A-essels traverse the 
posterior interventricular groove. These may be branches either of the 
right or left coronary artery, or both. After injecting the heart and 
before making the roentgenogi'am, we remoA^e this septum and turn it 
so that its left A^entricular surface is in contact AAoth the x-ray folder, thus 
aA’oiding oA’erlajAiiing of A'essels. Fig. 11 not only shoAvs the stump of the 
septal arteries, as in Spalteholz’s diagram, but also their complete dis- 
tribution in the body of the septum. This is even better shoAAm in Figs. 
12 and 16. 

Method of Proving the Presence of Anastomoses 

A final decision as to the presence or absence of an anastomosis aa'ouM 
often be impossible if avc had to depend upon the roentgenogram alone, 
or cA’en upon the roentgenogram and ordinary di.ssection. The use of 
dyes of different colors in the masses used to inject the right and left. 
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coronary arteries is alJ-iinportant. When liie injection, roentgenogram, 
and dissection of tlie vessels are compieted, the distribution of tJiese dyes 
enables one to say with ceilainty from which coronary opening a par- 
ticular vessel was injected. Three types of anastomoses arc then recog- 
nizable. 

Tlie anastomotic channels may cany the blood from one large branch 
of one of the two coronary arteries to another hu-ge branch of the same 
vessel, or serve to bridge a gap in one of the branches of the vc.ssel. We 
have called lhe.se left to left (L to L), or right to right (R to Rj ana.sto- 
moses. An obvious R to R (or L to L) ana.stomosis is present when there 
is a definitely occluded zone in the lumen of one of the coronary branches, 
and the distal part of this branch is fully injected with mass of the 
same color as that found proximal to the zone of occlusion. This is the 
commonest type of anastomo.sis (Fig. 16). In the absence of a point of 
occlusion with injection beyond, all the precautions enumerated will not 
exclude the presence of functional anastomotic channels between branches 
of the same coronary artery. Since the lu’oeedure used yields adequate 
objective evidence of all other types of anastomo.se.s, this might have 
proved a serious defect of the method. However, anastomoses of this 
kind were detected by lying off one or more of the smaller arterial 
branches just before injection (Fig. 1.3). The injected ma.ss was thus 
prevented from penetrating beyond the artificial occlusion except via 
anastomotic channels. This special procedure is not nece.ssary in eveiy 
case but was employed often enough to rule out the possibility that 
ana.stomoses of this kind occur in normal hearts. 

There is a second type of anastomosi.s, in which, proximal to a com- 
pletely occluded point, is found ma.ss of one color filling the ve.s.sel and 
its branches, whereas distal to the occlusion, in what is obviou.sly the 
continuation of the same vessel, is found ma.ss of the opposite color. We 
have called these left to right (L to R) or right to left (R to L) ana.sto- 
moses. Under such circumstances, it is obnous that a portion of the 
myocardium and of the vessels supplying it have become entirely depend- 
ent upon the oppo.site coronary artery for their blood .supply (Fig. 14). 

A third form of anastomosis is that in which one or more arterial 
branches receive blood from both coronary arteries. A ve.ssel which re- 
ceives blue ma.ss from the left coronary artery, and red from the right, 
neces.sarily stains purple (Fig. 15), and we have called this a convergent 
ana.stomo.sis. On rare occasions all the branches of both eoronarj' arteries 
are tinted purple of varying shades. IVIore often a few branches di.stal 
to their occluded zones become purple, whereas other similarly occluded 
branches are filled with either pure red or pure blue mass. 

AXAiA'.si.s OF re.si:lts 

Fifty-six human hearts have been injected and .studied by a uniform 
technique similar to that described above. In ten of these the injection 
was imperfect because of technical difficulties. The eommone.st sources 
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of error were the use of a salt solution immersion hath which was too 
cool, or of a leala^ or plugged pressure system. Of the remaining 46 
hearts, 8 were from patients less than 50 years of age. Inasmuch as 
we wished to clarify the relationship between anastomoses and ocelu- 

Table I 


Co^rpLETE Data ox Aei, Hearts Injected 
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•sioii.s of tlie coi-oiiary artei'ies, these 8 hearfs Avei-e purposely ornittecl, 
for, accordiiip- to previous vorkers iii this field, anastomoses lire likelj’ 
not to be well eslablisiied before the afre of 50 years. 

The data on these 38 hearts are shown in Table I. Seven (Cases 4, 
14, 20, 21, 2fi, 20, and 36) were e.s.sentially normal, and 8 (Cases G, 
10, 12, 13, IG, 25, 30, 33) showed only minimal or moderate de<ri’ccs of 
atheromatosis of the eoronaiaes. No anastomoses were ])re.sent in anj' of 
these fifteen hearts. 3’he i-cmainin" 23 hearts were definitely palholof^ic. 
The le.sions, although rjuitc varied, consisted principally of (! ) marked 
arteriosclerosis with or without comjjlete occlusion of coronary artery 
branches, (2) valvular lesions of various types, and (3) hypertensive 
In^pertrophy ; some of the hearts displayed various combinations of these 
three kinds of abnormalitie.s. Three hearts (Cases 3, 7, 15), although 
from patients ovei' 50 years old, were also puj'posely omitted from further 
con.sideration at this time. In the.se three heaj-ts ana.stomoses without 
occluded vessels were ])i-esent. They showed hyi)ei'1ensive h 37 )ertrophy, 
rheumatic mitral stenosi.s, and subacute bactci'ial endoca!‘ditis respec- 
tively. The above omissions reduce the number of liearts under discus- 
sion to 35. 

In Table IT, these 35 hearts are grouped according to age and the 
presence or absence of anastomoses in the coi-onary artery tree, and we 
see that there is a complete lack of correlation between the two. In both 
gi-onps, with and without ana.stomo.ses, ovei’ 80 per cent of the heaxls 
were from persons ove?' GO years of age.’ Neverthele.ss, in 57 per cent of 
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the hearts no corona j’y ai’teiw aua.stcmioscs wei’e demonst rable by a stand- 
ard technique which readily visualized such ana.stomoses in the i-emainder. 
In all 15 hearts in which anastomoses were found, there were also one or 
more occluded coronary ajlcry branches. No occluded branches were 
found in the othei- 20 heaj-ts without ana.stomoses. Thus it would appear 
that coronary artery anastomoses are related le.ss to advancing age than 
to the nece.ssities Avhieh arise as a result of occlasion of eoronaz'V artery 
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branches. The occlusions themselves are, of course, in practically all 
instances, a sequence of arteriosclerosis, and there is in general a definite 
increase in arteriosclerosis of the coronary arteries with increase in age, 
but many individual variations are eneoinitered. In a given heart, the 
more extensive the arteriosclerosis, the greater the probability that coro- 
nary artery occlusion will occur. Therefore, there sliould be a direct cor- 
relation between tlie incidence of anastomoses and the amount of coro- 
nary arteriosclerosis. In Table III the hearts are grouped according to 
the degree of arteriosclerosis and the presence or absence of anastomoses. 
In preparing tliese data the amount of arteriosclerosis in the coronary 
arteries was e.stimated in four degrees of intensity, namely, none, slight, 
moderate, and marked. In arriving at this estimate, both the roentgeno- 
gram and observations on the dissected coronaries were utilized. In 85 
per cent of the hearts that showed no coronary artery anastomoses, there 
was less than a moderate degree of coronary arteriosclerosis. Of tlie 
hearts in which there Avere coronary artery ana.stomoses, SO per cent 
shoAved modei'ate to marked arteriosclerosis. 

For the 15 hearts in aaIucIi tliere AA'ere completely occluded coronary 
artery branches Table IV summarizes the data as to the sites of the oc- 
clusions, the types of anastomoses, and the presence of infarcts. Ade- 
quate statistical study of the interrelation of these factors AA'ill have to 
aAAmit a larger series. A feAv significant oliservations can, hoAvever, be 
made. In the 25 occluded coronary artery branches in these 15 hearts, 
there is a highei' incidence of occlusion of tlie right coronary artery, or its 
branches, tlian of either of tlie main divisions of the left coronary artery 
or their branches. i\Ioritz and Beck“ also found a high incidence of 
right coronary artery occlusions after the age of 60 years. 
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In six (Cases 5, 31, 17, 18, 34, 38) of these fifteen liear-ts there were 
complete occlusions in In’anches of more than one of tlie three major 
divisions of the eoronaiy arteries. Because of the fairly common oc- 
currence of multiple points of occlusion, impressions of the incidence of 
occlusions are valueless unless based on a method permitting complete 
study of all the coronary artery branches in every heai't. In four (Cases 
11, 18, 34, 38) of these six hearts with multiple complete occlusion, there 
were either fresh oi‘ healed infarcts. However’, two infar’cts, one fi’csh 
and one healed, wer-e also present in each of two other hcar'ts (Cases 19 
and 22) in which ther-e was only one completely occluded branch. Thus, 
with mor’c extensive ai’ter’ioscler’osis and a large number of v'cssels af- 
fected, the probability of infar-etion was greater. Infarction, however, 
may occur in a heart with very little arteriosclerosis and with only one 
major vessel completely occluded (Case 19), 

Analysis of the paths of the anastomotic circulation following complete 
occlusions brings out the point that in only three hcar’ts (Cases 9, 19, 31) 
was the compensator}' anastomotic eir-culation entirely dependent upon 
connection with the cor’onar’y ar-ter-y whose branch was occluded. In all 
other instances ther’c was an ana.stornotic channel established with the 
opposite coronary ar’ter’y. As a r’esult of this new’ pathway the branches 
distal to the occlusion were then either’ fed entir’cly from the opposite 
eoronaiy ar’teiy, or w'ere supplied w’ith a mi.xture of blood from both 
coronary arteries. In only tw’o instances (Cases 11 and 23) w’as an 
occluded branch of the left eor’onai’y artei’y thereafter fed entirelj' 
from the I’ight cor’onary artei’y. Also, it w'as unusual for an occluded 
bi’aneh of the I’ight coi’onar’y artei’y to I’eeeive its blood supply entirely 
from that artei’y after the occlusion oecun-ed. Thei’e were only three 
examples (Cases 11, 18, and 38) of this type of readjustment of the 
circulation. In nine hearts (Cases 1, 2, 5, 11, 17, 18, 23, 34, 35), how- 
ever, the left coronary artei’y had served as the source of supply for 
an occluded branch of the right eoi’onai’y artery. It .should be noted 
that in Case 11 examples of all tlii-ce of these types of anastomoses 
were found. This heart, however, pi’esentcd a very complicated 
anastomotic circulation (Fig. 15). In general, it can be .said that 
blood from the left coronary ai’tery usually reaches whatever branches 
of either coronai’y artei-y w'hich aj’e deprived of their oi-iginal source 
of supply. Sometimes this anastomosis fi’om the left coronary ai’ter}' 
furnishes the w’hole supply, but tliei-e is often an intermingling with 
blood coming by anastomotic channels thi-ough the right coronary artei’y. 

imx'S’rRA’rt\Uv c’Asr!;.s 

Almost w’ithout exception, the roentgenogi’ams of each of the 56 heaits 
thus far injected wex’e worthy of indixddual .study and threw' light on one 
or more points in cardiac anatomy or patholog}'. This w’as especially 
time of the injected arterias, but the unrolled heai’t also gave such a 
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satisfactory soft tissue shadow on the i-oenlgenogram that most of the 
various intracardiae sfructui’es could he identified, studied, measured, 
and many of their abnormalilies recognized. We are reproducing the 
roentgenograms of only five of our foily-six succe-ssfully injected hearts. 
These five hearts have been selected to illusti-ate the possibilities of the 
study of cardiac va.scular di.sease by this method. Only a brief ;,discu.s- 
sion of the clinical history of each patient will be given. The complete 
con-elation, as i'ar as po.ssible, of the pathologic and the clinical data for 
the entire .series will be the .subject of a sepai-ate communication. , 

Case .'tiJ. — Fig. 12. Korrnal liearl. 

Clinical History. — A man, (i.'l yeans old, was operated on for an inoareorated in- 
guinal hernia. Four months later, he developed signs of intc.stinal ohst ruction. 
Laparotomy and ileostomy were j)erfornied. He developed postoperative atelectasis, 
bronchopneumonia, and pulmonary embolism, anil died thirteen days after the op- 
eration. He had never had any cardiac signs or ,‘iymj)toms. 

Heart. — The heart weighcfl *120 gm. There were no valvular or other le.“ions, ex- 
cept a slight hypertroj)hy of the left ventricle, probably hypertensive in origin. 

Coronary Arteries. — The coronary arteries .showed onlj" small .“cattered arterio- 
sclerotic plaque.«, but no narrowings or occlusions, and no anastomo.scs. Their pattern 
with one exception wjis the same as that reported by fspalteholz in SO per cent of 
human hearts. The e.xeeption wa.*- that the terminal branch of the left de.“cending 
corontiry artery turned back on the anterior .surface of the heart. Ordinarily, when 
this branch extends beyond the .apex, its termination is found on the jiosterior sur- 
face of the heart. The counterparts of the variou.s an.'ilomic landmarks labeled on 
this roentgenogram can be recognized easily on all the others. The various arterial 
branches are similar to tho.“e bibeled in Fig. 11. 

Ca.se 5. — Fig. KJ. Angina pectoris, hypertension, .arteriosclerotic heart disea.i-e. 

Clinical History. — A woman, 00 years old, had suffered for two years before the 
first admi,«sion from dyspnea, paljntation, and substern.'il squeezing pain which 
radiated to the left shoulder. These .“yrnptoms occurred about once a month, and 
were relieved by rest. E.xaniination revealed only an enlarged heart, and a blood 
pres.'-ure of 210/120. After total ablation of the thyroid the blood jmessure dropped 
to 140/SO, and the electrocardiog'ram .showed normal rhythm, rate 9.5, low T„ and in- 
verted T, and T^ of the coronary type. There were no anginal attacks and no 
dyspnea for nineteen months after the operation. After this, there were repeated an- 
ginal attacks which became increasingly .severe and numerous. Death occurred 
thirty-four months after the thyroidectomy. 

Heart. — The heart weighed ulO gm. There wore no valvular lesions. The left 
ventricle was definitely hypertrophied. There were no infarcts. The myocardium 
.showed no fibrosis grossly or micro.“copic,'tlly. 

Coronary Arteries. — The coronary arteries showed marked arterio.^clerosis which 
was confined to relatively limited zones in the larger branches. From the roent- 
genogram alone it appears that the greater part of the left de.'-cending coronarj" 
artery is mi.^sing. The distal portion of this ves.'-el with its wider lumen is well 
.shown. Dissection res'ealed that in the apparently missing segment of tlii.s vcs.“el 
there was so much arteriosclerosis (without calcification) that the ves.sel had been 
converted into a cord with a narrow, tortuous lumen. This lumen rvas discontinuou.s. 
On the roentgenogram is seen a bru.«h of neighboring vessels which probably .served 
as anastomotic channels. In none of them could a communication be traced between 
the proximal and di.stal end of the occluded artery. Many of these ves.sels are in 
the interventricular .septum, for in this injected heart the septum was not remor'cd 
before the roentgenogram was made. 
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In tlie left circumflex coronary arfcry a differerit ineeliaiiism for occlunion is il- 
lustratcfl. There is much less arteriosclerosis in this vessel. The markefl narrowing 
of the mouths of two of its main branches is well sliown at 6‘ anrl J). Also, a 
calcihed plaque is shown at B. Proximal to tliis plaque is founfl a zone, A, of com- 
plete occlusion bj' a freshl}' deposited thrombus. However, distal to this completely 
occluded zone, the remainder of this vessel was well injected with bluc^mass from 
the left coronary arterj'. Thus the whole left coionary system Avas well injected 
in spite of occlusion of its two main stems near their origins. 

The Avhole riglit coronary system was likewise injected from the left' coronarj' 
artery, Ko red mass in the right cannula flowed into any of the vessels. The main 
stem of the right coronary arterj" was completely occluded just at its origin, F. For 
a considerable distance distal to this point of complete occlusion there was marked 
narrowing of the lumen with calcification in the walls. This lumen .shown at 
was dissected open and found filled with the blue mass from the left cannula, 

A point of .special interest is the br.anch of fhe right coronary artery, marked t?. 
It aro.se veiy close to the origin of this artery, and the right cannula was accidentally 
inserted distal to its origin. This ve.«,sel, nevertheless, was well filled with blue mass 
fhrough an anastomosis from fhe left side. The .shadow of an uninjeeted proximal 
jiorfion extending almost up to the cannula can also be made out. Pre.sumably, in 
the living heart, this ve.«Hel was: the only branch capable of receiving blood through 
the right coronary orifice. If it had not been tied off before the injection, an alto- 
gether different pattern of anastomo.ses might have been found. 

The irregularh' shaped radiopaque area at 7/ reprc.sents what would have been a 
hematoma in life. This heart was rather roughly handled during the injection pro- 
cedure and the pericardium at this area was brui.«cd, .V few .small branches mu.st have 
been ruptured, for fhe mass leaked into the subepicardial li.ssues. 

Comment . — Tlie anastomotic circulation in this heart teas ho rich that 
it permitted an adequate injection througliout the heart in .spite of the 
fact that both main Itranche.s of the left eoronarr artery and the main 
stem and a main branch of the right coronary arteiy Avere occluded at 
the time of injection. Thi.s ana.stomotic circulation vva.s developing dur- 
ing the five yeans wlien the patient Ava.s having angina, Po.s.sibly the 
tliyroideetomy prolojiged tlie patient'.s life and thus afforded time for the 
rich anastomotic circulation to develop. Tins anastomotic circulation Avas 
so efficient that there AA'as practically no filn-o.sis of the myocardium. Un- 
que.siionably, the final fatal insult to the heart AA'as the deposition of the 
thrombus in the left cireumfle.x artery, hut because adequate ana.stomo.ses 
had developed in advance, no infarct resulted, and the patient died of 
cardiac failure. 

A similar sudden occlusion Avithout infarction probably could haA'c 
occurred in the branch of the right eoronaiy artery AA'hich Avas tied off 
from the cannula, since thi.s A'e.s.sel AA'as likcAA'ise aa'cII injected from the 
left eoronaiy arteiy. Judging fi-om its AA'ide-open connection AA'ith the 
right eoi’onaiy arteiy, it can be a.ssumed that tlie fioAV into this A'essel in 
the liA'ing heart Avas largely from the right eoronaiy arterj', for the 
pre.s.sure gi'adient, in the sense of Wigger.s,’^ mn.st have been higher in 
thi.s direction. 
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Pif;'. 11. — 18. (Illustration reduced to % normal .size.) 

Nonoccluding' tliromI)i B, Occluding: thrombus C, Old occlusion (arterio.scloi'osis). 
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Cash JS. — Fig. 14. Angiiisi pecloriH, niiif] liypertension, juKMio.'-cIoroiic Jiearf 
di.cea.we, mild conge.stive failun;. 

Clinical Ilistory . — The patient was a man, (ifl years of age, who for two and a half 
years had had precordial i)ain brought on by e.xerlion and aecomjjanicd by dyspnea 
and palpitation; he had lost a little weight, and complained of epigastric distress 
and anorexia. The first admi.ssion was one year ago for mild congestive failure. 
Examination at that time .showed .‘•light cyanosi.s, moderate enlargement of the heart, 
reduplication of the first sound at the ape.x, accentuation of the aortic .S(!Cond sound, 
and diminution in the intensitj- of the pulmonic second sound. The blood pressure 
was 180 / 110 . O'he electrocardiogram showed normal rhythm, a rale of 80 , left axis 
deviation, wide and notched QHS waves in all leads with intraventricular block, 
low T'Waves in all leads. Another electrocardiogram two weeks later .showed sino- 
auricular bradr'cardia, a rate of 48 , and a diphasic T-wave. .After digitalization 
and venesection, the patient was adr'ised to take 0.1 grn. of digitalis daily, and was 
disifharged. He was reasonably well for a year except for occasional attacks of pre- 
cordial j)ain. These became more .severe and more frequent about one month before 
admis.«ion, and rvere only partially, or not at all, reliei-ed by nitroglycerin. The 
.‘■econd adnii.ssion was on account of a .‘•udden large hernalemesis which was prob- 
ably due to the chronic gastric ulcer found at autop.sy. In spite of transfusions 
and other treatment, he died on the fourth day. 

Ilcnrt. — The heart weighed 880 grn. There Averc no valvular lesion.^. Micro- 
scopically the myocardium .showed ditfu.se fibrosis. There 'vas a small, old, healed 
infarct in the posterirrr Avail of the left A-cntricle near the auriculoA-entricular groove, 
ft.s outline i.s indicated on Fig. 14 by the doited line. There A\-cre no fre.di or recent 
infarcts. 

Coronary ArtcricN . — The coronary arteries shoAA-ed marked arterio.'-clerosis Avith cal- 
cification and narroAving, but in mo.st ca.ses Avithout occlusion. In the roentgenogram 
this arteriosclerosis is betrayed by the marked irregularity of the contour of all the 
large A-essel.s, SeA-eral fresh stringy ante-mortem thrombi AA'ere present in tlie-sc nar- 
roAA'ed A-essels. These had obviously been deposited just before death. In the roent- 
genogram their locations in the left circumfle.x and right coronary arteries are in- 
dicated by the letters A, IS, D, and Ji. Xeither thrombu.s in the right coronaiy 
artery-, D and E, A\-as large enough to cause complete obstruction. This AA-as like- 
Avi.se true of the thrombus located at A in the left circumflex artery-. HoAA-eA-er, the 
second thrombus, located farther along in this a-c.^scI, at /S, liad cau.‘^!d complete 
occlusion, and the A-p.“sel distal to this fresh occlusion AA'as not injected. The .shadoAv 
of the noninjected A-es.'-el beyond this occluding thrombus is plainly outlined, Ikw- 
CA-er, by the faint line of calcification in its AA'all.K, 

.-V point of .“pecial interest is the terminal branch of the right coronary- artery. 
In the roentgenogram this appears to be aa-cII injected, and not e.'-pecially- unusual. 
When dissected out, it aa-bs found to be entirely injected AA-ith blue ma.ss from the 
left coronary artery- instead of AA-ith red mass from the right coronary- artery-. The 
dissection di.^clo.sed a .“harp, definite point of complete occlusion .“eparating this 
terminal branch from the right coronary artery-. This zone of complete occlusion 
AA-as only about tAA-o millimeters long and is indicated at C in the roentgenogram. 
The anastorno.“es connecting this terminal branch of the right coronary- artery- AA-ith 
the left coronary- artery- AA-ere not traceable by di.ssecfion. XeA-erthele.“.“, the roent- 
genogram shoAA-s scA-eral A-essels Avhich apj)car to bridge this gap. 

Commmf. — The roentgenogram of thi.s heart •Avell j]lu.strate.s the varv'- 
jng pietnre.s obtained in an extreme degree of wide.spread, marked eoro- 
nary- arterio.selero.si.s Avitli calcification. Although this arterio.sclero.si.s 
had gone on .slowly- to complete ocelu.sion in the right coronary- artery-, 
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such an efficient anastomotic circulation had been established that the 
small, cardiac infarct which formed healed completely without presenting 
any signs or symptoms of acute coronary occlusion. However, there is 
little evidence for anastomoses elsewhere in this heart, for, when the 
termination of the left coronary was suddenly occluded by a thrombus, 
its distal portion remained uninjecled. 

Cask 11. Fig. lo. Severe jnigiiui pectori.^, arteriosclerotic lieart disease, multiple 
coronaiy artery occlusions with rich anastoino.scs, terminal thrombosis and coronary 
embolism. 

Clinical Jlislory . — The patient wa.s a man, 53 years old, who had liad .syphilis 
twenty years before and had reco\‘ered under treatment. For ten years he had .suf- 
fered from pain in the precordium which was brought on by exertion and was re- 
lieved by rest. For three years the pain had been subsfernal and .‘•evere, radiating 
down the left arm, brought on Ip' excitement or exertion, and relieved by nitro- 
glycerin and rest. The attacks had been increasing in severity and frequency for 
two weeks. Twenty-t^vo hours before death there occurred a more severe squeezing 
type of precordial and substernal pain, not relieved by nitroglycerin. Physical 
examination showed little except a gross irregularity of the heart and a pulse deficit. 
Three hours before death he had another attack of sub.stemal pain and became cold 
and clammy. The blood pressure could not be measured, the piiLsc became imper- 
ceptible, and the heart sounds were verj- faint. It was thought that his heart had 
ruptured. He died three hours later. 

Heart . — The heart weighed 350 grn. There were no valvular lesions and no rup- 
ture. The myocardium showed ditluse fibrosis throughout, and in the left ventricle 
there was one small area of marked thinning with almost complete replacement by 
fibrous tissue. This appeared to be a small, healed infarct. It is outlined by the 
dotted line in Fig. 15. 

Coronary Arteries . — The coronary arteries .showed marked artcrio.sclerosis which 
in numerous branches had gone on to complete occlusion and obliteration of the 
lumen for as much as 2 cm. at a stretch. Some of these are indicated in the roent- 
genogram at the points marked A, B, C, D, Ji, F, I, and K. In the left coronary 
artery such areas of complete occlusion (C and E) had broken the continuity of both 
the circumflex and the de.scending branches close to their origin.s. Xevcrthelcs.s, 
both branches distal to the occluded zone were open and well injected, but the in- 
jection mass reached them by anastomotic channels from ditferent sources. The 
left circumfle.x artery still received blood entirely from the left coronarj' artery as in- 
dicated by its content of pure blue mass. The left descending arterj', however, was 
entirely filled from the right coronary arler^' with red mas.s. One of its branche.s, A, 
also entirely cut otT from the main arterv', was still receiving all its blood .supply 
through an anastomosis with the stump of the left coronary arterj'. Another branch, 
B, less completelj' isolated, was receiving blood from both coronarie.s, as indicated 
by its content of purple ma.«s. 

The branch of the left de.scending coronary arterj- marked D de.serves .special 
consideration. In the roentgenogram, for a distance of 1 cm. from its origin it ap- 
pears to be poorlj' injected and shows an irregular contour. Distal to this zone it 
appears to be well injected. When we attempted to open this ve.s.scl, no lumen wa.s 
found up to a point just proximal to its bifurcation. The entire pro.ximal part was 
a solid calcified cord. This calcified cord appears in the roentgenogram as if it were 
patent and completelj' injected with the radiopaque mass. This illustrates another 
of the pitfalls which are encountered when the coronarj- circulation is studied bj' anj- 
method, rvhether corrosion, clearing, or x-raj-, which does not also include a thorough 
dis.section of the ves.sels as part of its routine. 
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In tlie right coronary artery, the luinina of many of the major branches (F, I, 
and K) were separated from the lumen of the main stem. These branches are all 
well injected, however, one from the riglit coronaiy artery, one entirely from the 
left, and one from both coronary arteries. In the roentgenogram in some places 
(F and I) there appear to be quite large, newlj- formed, bridging, anastomotic chan- 
nels, None of these could be dissected out to show actual continuity of the lumen. 

In the main stem of the riglit coronaiy artery near its origin, at J, there was 
a large atheromatous ulcer with a freshly deposited, soft, ante-mortem thrombus 
adherent to it. This thrombus had caused practically complete occlusion at this 
point. At two points (H and G) farther along in this same vessel, there were loosely 
attached blood clots which completely occluded the lumen. These were found in 
portions of the vessel which were somewhat narrowed by atheromatous patches, but 
without any ulceration present. They were interpreted as emboli which had broken 
loose from point J. 

Comment . — In this heart, in spite of multiple points of complete coro- 
nary artery oeclnsion, there was only one small, old, healed area of in- 
farction. In the ten years during- which the patient had had repeated 
anginal attachs, a new and very comiilicated anastomatic circulation had 
been set up. The numerous le.sions of the coronary branches must have 
progressed so slowly to complete occlusion that sufficient time was af- 
forded, in all instances, for the development of adequate anastomoses. 

The special features of the terminal episodes are also reflected in the 
heart. The severe attack which brought the patient to tlie hospital was 
probably coincident with the deposition of the thrombus on the atherom- 
atous ulcer near the origin of the right coronary artery. Although 
this had occurred t-\veiity-two hours before death, there was no indication 
of the beginning of an infarct in the area supplied by this vessel, and 
no large area of the myocardium was avascular. Thus, in a heart with 
such a rich anastomotic circulation, the sudden occlusion of even a large 
vessel may not result in an infarct. Probably sucli sequences had oc- 
curred at numerous times during the preceding ten years. It is also 
probable that the patient -would have survived this occlusion had not a 
second and a third severe insult to the heart occurred soon afterward. 
These also resulted from the thrombus described above. The sudden col- 
lapse three hours before death was probably synchronous with the pas- 
sage of part of this thrombus, as an embolus, farther along the vessel. 
This sequence of events is supposed by many to be rather rare. Here 
also, if the blood clots interpreted as emboli had been found lying free in 
the vessel, rather than lightly adherent, there might have been some 
suspicion that the injection procedure had dislodged them from their 
original location. 

Case 19. — Fig. 16. Coronary thrombosis, cardiac infarct, rupture of the heart. 

Clinical Sistory.—Ihe patient was a man, 50 years of age, who had been ad- 
mitted to the hospital three years before with paroxysmal tachycardia and breath- 
lessness. The electrocardiogram then showed left axis deviation, a diphasic T^ and 
inverted T^, Under quinidine therapy, the heart rate quickly returned from 160 to 
normal. The patient said he had had several similar episodes during the previous 
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year. Three years later, for one week, lie lia<l ijailj' substerrial pain associated with 
marked dy.“pnea. These attacks were induced by mild e.vertion, exposure to cold, 
or e.xcitenient, and were relieved jiroinptly by nitroglycerin. Finally, he had a more 
severe similar attack, lasting an hour, and accompanied by pain radiating down the 
left arm. On admission, the electrocardiogram .showed normal rhythm, a rate of 90, 
left axis deviation, .“light elevation of the S-T segment in Lead III, and a flat T<. 
Five days later, the electrociirdiogram showed a rale of ffO and elevation of the S-T 
segment in Leads Til and IV of the acute coronary type. The temperature was 
normal on admi.ssion, but nox't day ro.se to 102° F. and remained elevated until 
death. The blood pressure remained between 110/80 and L'!0/.00. He had re- 
peated attacks of substernal pain, usuall}’ relieved by nitroglycerin or morphine. On 
the fourth day, he suddenlj' became ashen and very .“hort of breath, and ex'pired, 
Autop.sy showed that the heart had ruptured, producing hcmopericardium. 

Heart . — The heart weighed l.'tO gm. There were no valvular lesions. T’hcre was 
a large, fre.«h infarct in the posterior wall of the left ventricle. The ex'tent of this 
infarct is indicated in Fig, 10 by the dotted line. At the anterior border of this 
infarct there was a tear of the myocardium 1 cm, long, indicated by a broken line. 
Elsewhere the myocardium was not unusual. 

Coronary Art erica . — The coronary arteries .“bowed only .slight diffuse, but consid- 
erable localized, arteriosclerosis. Xot a single plaque was found in the right 
coronary artery. A single small plaque (A) was found in the left de.“<:ending 
coronary artery. The condition of the left circumfle.x coronary artery is of prime 
interest. In this ve.s.“el, a short distance from its origin, was an extensive area of 
arteriosclerosis with considerable narrowing, without calcification. This is shown in 
the roentgenogram at B. Deposited on this latter plaque was a large, occluding, 
dumbbell -shaped thrombus. Iso in.iectjon mtiss went past this thrombus, for the 
intiina of the ve.«.«el in this region was entirely untinted over a length of about 7.0 
mm. In the roentgenogram there is complete ab.“ence of .“hadow of in,iection mass 
in this zone, Xeverthele.ss, the lumen of the open ve.s.“el just distal to this occluded 
zone shows a faint shadow of injection inas.“. On di.“.section, the intima here ■was 
found to be tinted pale blue, thus indicating that this injection mass had come 
entirel.v from the left coronary artery. Branches originating in this portion of the 
ves.sel di.stal to the occlusion were similarly injected. It is evident from the roent- 
genogram that this injection was by anastomotic channels from branches of the left 
de.scending artery, Agiiin, although it was not possible to be sure about the dissec- 
tion of such branche.“, several links which .“eem to connect can be found in the roent- 
genogram. 

Careful study of the roentgenogram reveals the outline (D) of the left circum- 
fle.x artei’y and its branches distal to this zone of anastomotic injection. In this 
region, however, the .“hadow of the lumen is le.“.“ radiopaque than the .surrounding 
heart ti.“Sue, rather than the rever.“e, as is the case when the lumen is filled with the 
mass. This is due to the fact that the ve.“scl ■was distended with the salt solution 
which was u.“ed as a preliminary wash. The .“alt solution evidently ran into this ve.s- 
.“el through the anastomotic channels more readily than did the injection mass. 
Probably if the injection pressure had been rai.“ed above the usual standard (150 mm. 
Hg), or if the injection time at this pre.“.“ure had been prolonged, the injection - 
of this vc.“.“el would have been more complete. 

Comment . — In tlii.s lieart tlie .slow narrotving of a .single coi'onary artery 
branch, followed by rapid oeclu.sion of that branch and then .sudden death 
four days later from rupture of the lieart, presents a sequcjice of events 
such as one might plan experimentally. We have repeatedly found that 
in the normal heart tlie ligation of a .single ve.ssel just previous to injec- 
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Fig. 10. — Case 10. (Illusti-atioii reducoil to % normal size.) 

, .'\.i'teriosclerotic placiuo C, Anastomotic injection 

, Occliuling tlirombus D, Uninjoctcd vessel. 
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tion never results in anastoinotie injection beyond the ligature. The 
anastomoses found in this heart bi-idging the completely occluded zone 
probabb' did not develop during the four days between the sudden acute 
occlusion and death. It .seems more probable that they were being 
established during the progre.ssive course of the gradual narrowing of the 
left circumflex artery. The .slow narrowing could probably have gone on 
to comiflete occlusion without the formation of an infarct. The sudden 
thrombotic occlusion before the anastomotic circulation was ready re- 
sulted in infarction and death. 


l)If5CU.S.SIOX 

There are two e.ssentially new procedures in the method here de.scribed 
for .studying the cardiac circulation : Fir.st, a dissection of the heart was 
devised which unrolls the unfixed heart in such a way that the complete 
coronaiy arteiy tree is laid out in practically one plane, resembling a 
diagram. Second, a new radiopaque injection mass which permits such 
a di.sseetion of the fresh, unfixed heart was used. The basis of this mass 
is a solution of agar-agar. To this an in.soluble lead salt was added. Al- 
though it is ideal for this purpose, agar has been seldom so used. It can 
be kept indefinitely in liquid form at a comijaratively low temperature 
(45° C.)> immediately hardened by chilling, and will not liquefy 

again at room temperature. None of the various metals, waxe.s, starehe.s, 
gums, eelloidiji, or gelatin previously used are as satisfactory as agar. 
Lead was arbitrarily selected for the radiopaque substance because of 
its high molecular weight and high relative I’adiopacity in comparatively 
low concentrations. However, since there are no limitatioms due to the 
dangers of toxicity as there are in the living i)atient, other metals, .such 
as bismuth or mei'cury, might prove to be more .sati.sfactory than the 
more commonly used barium. Complications such as the effect on the 
solubility and coagulability of the agar, uniformity and small size of the 
particles, effect on the ti.ssue injected, etc,, enter into such a selection. 
We have used the lead phosphate agar as prepared above throughout 
this series because it was the first to pi’ove .satisfactory, but we are con- 
tinuing our experiments with various other methods of px'eparation and 
various other salts in combination with the agar base. 

Direct comparison of this lead-agar with the more commonly u,sed 
barium-gelatin has .shovm that we obtain as sati.sfaetoiy roentgenographie 
.shadows with 35 per cent lead pho.sphate as Avdth 30 per cent barium 
sulfate. The gelatin, of course, remains .solid at j-oom temperature only 
after fixation in foirnalin. At the injection temperature of 45° C, the 
lead-agar is considerably more fluid than the barium-gelatin. Relative 
to human heparinized blood at 37° C., and tested on the .same vi.seo.sim- 
eter, the lead-agar has a vi.seo.sity of three and the barium-gelatin of 
eighteen. This extremely high m.sco.sity of the barium-gelatin is due to 
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its high content of both gelatin and barium sulfate. It is desirable to 
keep tlie viscosity of the injection mass as low as is consistent with the 
other properties which such a mass must have. The great difference m 
the viscosity of these two masses is, however, not directly reflected in 
their ability to iienetrate into the small arterioles. Both reach vessels of 
about the same caliber. For arterial visualization, an injection mass 
which would pass through the capillaries would be useless, but it should 
lienetrate almost to them. The size of the largest particles present in 
the mass is probably an important factor in this uniform penetrability. 
Our ultimate aim is to prepare a mass which will have the desirable 
properties of the present lead-agar mass, but will give an. even more de- 
tailed picture of the coronary artery tree. 

In the procedure as described, it is easil.y possible, with the dissecting 
scissors, to open up and follow vessels of a diameter of 1.0 mm., or 
slightly less, especially when their intimas are brightlj^ colored and the 
vessels are filled with a mushy agar plug. We regularly laj' open all the 
coronary arteries as far as iiranches of that caliber in all injected hearts. 
If tile vessels are not opened, they ma.y be traced even further as thin, 
white, pencil lines, due to their content of semisolid injection mass. Only 
on rare occasions, however, have we been able to connect two open lumina 
by white streaks which could not be opened. By actual micrometer meas- 
urements on the roentgenograms, we know that vessels with lumina as 
small as 200 miera are regularly visualized. The finest twigs shown in 
the roentgenogram can never be dissected out, of course. Measurements 
with the micrometer ocular on the microscopic sections show that in 
normal hearts the lead-agar mass always penetrates to arterioles 40 micra 
in diameter, reaches about 50 per cent of the vessels 20 micra in diam- 
eter, and never injects vessels smaller than 10 micra in diameter. Table 
V sums up these various measurements and tlie conclusions to be dravm 
from them. The general statement can be made that, with the method 
used, anastomoses, when they occur, are present in small arterioles only. 


Tabi.e V 

Zones op Cohonary Anastomoses 


ZONE 

DIAMETER OP 
VESSEL 
(MICRA) 

METHOD OP PROVING CONTENTS 
OP VESSEL 

.\NASTOMOSES 

■ 1 

> 800 

Lumen opened with dissecting 
scissors 

Anastomoses proved only once 

2 

800 to 501 ! 

Disseetible but without open- 
ing lumen 

Anastomoses rarely proved 

n 

O 

500 to 201 

Visualized by x-ray but not 
disseetible 

.Anastomo.ses probable but un- 
proved 

4 

200 to 40 to 10 

Injected but not visualized by 

Anastomoses usual and proved 

1 

5 

< 40 to 10 

x-ray 

ISTot injected by mass 

Anastomoses ? 


There is a large, unexploi’cd territory between arterioles of these di- 
mensions and tlie capillaries. In this territory lie the vessels to the 
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valves Avhicli we have never succeeded in injeetin" witli the lead-agar. 
The connections Avith the Thebesian channels Avill also be found in this 
uninjected territory since there Avas neA'cr any leak of tlie injection ma-ss 
into the cliambers of the heart. Information on these problems aAA-aits 
tlie preparation of a more nearly perfect mass. Injections of these struc- 
tures in continuity Avith the coaiAser circulation Avill yield many ncAA- facts. 
The metliod of uni-olling the heart aJid laying out all these .sti’uetures in 
one plane should permit many ncAv .studies to ])e made. The data pre- 
sented al)ove apply only to the arteries of tlie ventricles. Tlie auricular 
branches are less con.stant in their origin and course and practically ncA'er 
become occluded. Tlie feAv liranclies going to the auricles are easily fol- 
loAA'ed in tlie roentgenogram of the unrolled heart. Their paths Avill be 
the subject of a separate communication. 

The di.ssection deA'ised for the purpose of disentangling the arteries 
has unexpectedly proved to be superior in other respects to the tradi- 
tional incisions for opening the heart. After this dis.section all the endo- 
cardial .structures are siniultaneou.sly available for insjiection on one side 
of the specimen, and all the pericardial .surface on the other side. It is 
much the same as opening a single-chambered IioHoav viscus, such as the 
stomach. When it is desired to ojien the heart only for a routine exami- 
nation, the complete dissection is .slightly modified. A single incision 
through the middle of the inteiwentricular septum from the ba.se of the 
heart to the apex is then sub.stituted for the inci.sions devised to remoA'c 
this septum. 

Except for the reading of the roentgenograms and the final detailed 
dissection of the doubtful ve.ssel.s, the method described is simple enough 
.so that it can be entrusted entirely to a technician. The conditions of 
the injection are definitely .standardized and constant, and require almo.st 
no adjustment in individual hearts. In our more recent serias unsuccass- 
ful injections are rare, even in the hands of an a.ssistant un.skilled in the 
use of the method. A surprising amount of information about the condi- 
tion of the circulation in an indiA'idual heart, much of Avhieh AA'Ould 
otherAA'ise haA'e been overlooked entirely, can be obtained from cA-en a 
partially sucee.s.sful injection by this method. We haA-e newer had an 
uninstnietiA'e roentgenogram. 

We haA'e placed .so much emphasis upon the method used because it is 
our belief that much of the confusion in the literature about the effect 
or lack of effect of ocehrsions of the coronary arteries and the ability of 
the collateral ana.stomotic circulation to compensate for such occlusions 
is due to unsatisfactory methods of .study. No absolute statements on 
the above que.stion.s could be made for any indiA'idual heart unless every 
artery dcAA-n to the smalle.st arteriole had been examined. The nearer the 
method approaches that ideal, the better the re.sults. For each indiA'id- 
ual A'e.ssel, one must Imow Avhether it is patent throughout its AA'hole 
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length, and, if patent, what is the source of its blood supply. Only if 
all these data were available, could one fully interpret the possible effects 
of such occlusions as may be found. 

Tlie combination of a multicolored radiopaque injection material and 
a complete dissection gives more information than any other method yet 
devised. Injections vitliout dissections, no matter whether visualized by 
corrosion, clearing, or x-ray, miss occlusions and appear to show anasto- 
moses between large vessels which actually do not exist. Dissections 
without injections miss occlusions also and are notoriously incomplete in 
other respects. Kepeated refei’enee to the roentgenogram of the injected 
vessels in the unrolled heart during the course of the dissection serves as 
a constant stimulus to attempts to dissect out anastomotic channels ap- 
parenth' present in the roentgenogram. Also, the distribution of the 
multicolored injection mass in the arteries as they are opened directs 
attention to possible and unsu.speeted channels of flow shown in the 
roentgenogram. At the end of such a dissection one is justified in con- 
cluding that every possible occluded .spot in tlie coronary artery tree has 
been found and that an attempt has been made to dissect out every pos- 
sible anastomotic channel. Conversely, when no occlusions or anasto- 
moses can be found, one is equally .sure that none existed. Our con- 
fidence in these conclusions has been built up only after many exaspera- 
tingiy unsucce.ssful attempts to dissect out an ana.stomotic connection 
which we knew must be present. AYhen tlie wliole right coronary system 
has been injected with the blue mass from the left coronary artery, as in 
Fig. 13, or when the vessels throughout show a variegated picture of red, 
blue, and various shades of purple in the vessels supplied by both can- 
nulae (Pig. 15), there must be a very rich anastomotic circulation present 
even if it cannot be followed with the dissecting scissors or in the 
roentgenogram. 

Thus, for final proof of anastomosis, we rely very little on the roent- 
genogram or on our ability to dissect out the actual connecting channel. 
These procedures give evidence of the amount and distribution of 
arteriosclerosis and points of narrowing and of occlusion. The e\idence 
for ana.stomotic circulation is drawn largely from the distribution of the 
multicolored mass in the dissected vessels. In this group of o5 hearts 
taken from patients over 50 years of age, these procedures taken alto- 
gether have shomi a rich anastomotic circulation in only those hearts in 
which there was occlusion of the coronary arteries. Such zones of anasto- 
motic circulation were not distributed indiscriminately, but in each in- 
dividual heart the anastomoses were specifically designed to compensate 
for the occlusion. Tlie compensatory blood .supply usually came from 
the left coronary aifery, no matter where the occlusion vas, but tlie 
reverse was occasionally true. However, with this method vhich so 
readily showed the intimate details of an ana.stomotic circulation wlien 
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it was present, we could not demonstrate any anastomoses in normal 
heai-ts in which there were no occluded coronary arteries. Others who 
have reported coronary artery ana.stomoses in normal senile hearts 
u-sually give few data as to their criteria for the selection of “normal” 
heai-ts. Throughout their reports, increase in the amount of arterio- 
sclerosis with increase in age is tacitly aelcnowlcdged. The amount of 
arteriosclerosis which they accept as “normal” for each age group is not 
clear. Our series is at present too small to permit gi’ading of the amount 
of arteriosclerosis in each age group. Inasmuch as there is a direct rela- 
tion betAveen the degree of anastomosis and the degree of arteriosclerosis 
in the series as a Avhole, Ave feel that a similar relation Avill be found 
AAothin each age group. It thus .seems that anastomo.sas in the eoronai’y 
artery .system do not dcA^elop pari passu Avith increase in age, hut onh' 
AA'hen and AA'here there is need for them. Then and there they develop 
quite easilA' and readily and u.sually to a .sufficient degree to compensate 
adequately. 

From an anatomical vicAAqooint this may appear to be a satisfactorj' 
circulation. It seems, hoAccA'cr, that there must often be a greatly dis- 
turbed physiologic balance. Thus AA'hen, as in Fig. 13, the blood floAv 
through the AA'hole of the right coronary arteiy moved from its narroAV'cr 
peripheral end to its AA-ider, more centi-al end, there must have been some 
functional disarrangement of the floAA'. The arteries do not serve as 
mere inert tubes for the pa.ssage of blood, but their complicated muscular 
and elastic ti.ssue AA'alls are also concerned in the local control of that floAv. 
When the Aoav through a ve.ssel is in the opposite direction to that for 
AA'hich the arteiy AA'as designed, there mu.st be some di.sturbance of func- 
tion. Such disturbances must occur on occasion in different locations in 
hearts in AA'hich certain parts are being noui-ished ly an anastomotic cir- 
culation. Perhaps this floAv in the AA'rong direction, so to speak, has some 
relation to anginal pains. 

The emphasis throughout this report has been upon coronary artery 
occlusions and ana.stomoses. We haA'e studied five hearts AA'ithout oe- 
clusion.s, but AA'ith anastomo.se.s. They AA'cre from patients aa'Iiosc ages 
A-aried from 5 to 77 years. None .shoAA'ed more than a fcAV .scattered 
plaques of coronary arteriosclerosis. All these hearts, hoAA'ever, AA'ere 
markedly abnormal in otlier re.spects. Other equally abnormal hearts 
(but AA'ithout arteriosclerosis or occlusions) .shoAA'cd no anastomoses. 
Thus, although coronai-y artery occlusion is the commone.st cau.sc of the 
development of coronaiy artery ana.stomo.si.s, it is not the only one. Only 
a complete .sludA' of a larger serit'S of hearts AA'hich are the .seat of pure 
valA'ular disease or have been damaged by liypertension Avill explain AA'hy 
.some develop anastomoses and other do not. Probably here also the.se 
ana.stomoses dcA'elop only AA'hen and AA'here they are needed. 
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Wlieii an artery is completely occluded, the need for a new channel to 
carry the blood around the obstruction is obvious. Arteriosclerosis, the 
outstanding cause of occlusions, is a slowly, steadilj^ progressing lesion, 
with much narrowing before the final complete block. This narrowing, 
m itself, surely creates a need for anastomoses, and, as illustrated in 
Case 19, the anastomoses form. With the proper technique, it is com- 
paratively easy to find all complete occlusions. It is much more difficult 
to make even a rough estimate as to how much partial obstruction is 
present at any one spot. Although Saphir and his associates concluded 
that at least two vessels must be affected to give rise to an infarct, in 
theii' series of 30 infarcted hearts only 11 (37 per cent) showed complete 
occlusion ill branches of two of the three major divisions of the coronary 
arteries. Four (66 per cent) of the six more carefully studied infarcted 
hearts we examined showed such double occlusions. Many of the hearts 
we studied showed marked arteriosclerosis in two or more ma jor branches 
without infarcts. The important point to emphasize is not the mul- 
tiplicity of the lesions in the eoronaiy arteries, but the speed with which 
the occlusion or narrowing develops. A rapid occlusion in one major 
branch, with all other branches normal, will result in an infarct, as in 
our Case 19. Slower narrowings, even if numerous, stimulate the de- 
velopment of anastomoses, and the heart is thus prepared for occlusion 
when it comes. 

The roentgenograms of the unrolled injected vessels iielp greatly in 
the study of the relative vascularity of the right and left ventricle at 
various ages and under varying pathologic conditions. The length, 
caliber, and method of branching of every vessel can be plainly seen. We 
are at iDresent measuring these factors in order to correlate them with 
the weight, thicloiess, and nature of the disease of the myocardium of 
the two ventricles. The obvious excess of the number of branches of the 
left coronary artery over the right is the only clue we have at the present 
time as to why occluded branches in either artery usually obtain at least 
some of their compensatory channels from a branch of the left coronary 
artery. ' ' 

Even in normal hearts there is a consistent absence of large vessels 
over a small area in the posterior wall of the right ventricle near its base. 
This apparently avascular area is very tliin and never fibrosed. Infarcts 
in this area are very rare (Saphir did not find one), and it seems prob- 
able that normally it is largely nourished by the Thebesian vessels. In- 
vestigators of these vessels might well concentrate on this area. 

CONCLUSIONS 

1. The coronarv arteries, in novinol human hearts, even senile hearts, 
are true Cohnheim end arteries, without anastomotic connections,- such 
anastomoses do not develop j)ari with increase in age. 
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2. Anastomoses always develop readily vjhenever and wherever arterio- 
sclerotic narrowing or occlusion causes obstruction in the coronary 
arteiy circulation 5 these anastomoses are localized to the regions where 
they are needed. 

3. To ascei’tain accurately the site and effects of all coronary artery 
occlusions and anastomoses in individual hearts, it was necessary to de- 
vise a method capable of completely and simultaneoudy visualizing the 
entire course of all arterial branches .so that they could he studied in 
detail. This has been accomplished by a simple standardized method 
utilizing (a) a ncAvlj’' devised multicolored radiopaque injection ma.ss, 
(h) a ncAv method of cutting open the injected heart, and (c) a com- 
plete dissection of the colored coronary artery tree. 

4. The new injection mass consi.sts of a suspension of lead phosphate in 
agar, colored differently for the right and left coronaries. It is injected 
at 150 mm. Hg pressure, at 45 C. ; it .sets quickly and permits immediate 
cutting and I’adiography of the fresh unfixed heart. 

5. The new method of opening the heart unrolls all the coronary 
arteries so that thej’^ lie in one plane and avoids overlapping of the roent- 
genographic shadows of the injection ma.ss within them. 

6. The distribution of the multicolored mass in the dissected coronary 
arteiy branches gives an ab.solute index of the distribution of the blood 
from either coronary ai'lery orifice. 

In the preparation of the roentgenograms, the helpful cooperation of Dr. Samuel 
A. Eobini-, and the technical skill and ahvays willing a.ssistance of Mr. Nathan L. 
Shapiro, both of the X-ray Department of the Beth Israel Hospital, arc gratefully 
acknowledged. 
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THE ROLE OP NUTRITIONAL DEFICIENCIES IN THE 
PRODUCTION OP CARDIOVASCULAR DISTURBANCES 
IN THE x\LCOHOL ADDICT- 

Robert GooDn.uiT, M.D., and Norman Jolliffe, M.D. 

New York, N. Y. 

I T IS well-lmowii that alcohol addicts who have no history of cardio- 
vascular or kidney disease, and no demonstrable arteriosclerosis or 
persistent hj^pertension, frequently show signs and symptoms referable 
to disturbances of the circulatory sj'stem when they have recovered 
from the immediate effects of their inebriety. This study was under- 
taken in an effort to clarify the nature and relative frequency of these 
manifestations, and to evaluate the relative importance of alcohol and 
dietary deficiency as etiologic factors. The latter is of especial signifi- 
cance because other complications of alcohol addiction, such as poly- 
neuritis,^'" pellagra,®’ and alcoholic stomatitis® have been shovTi to be 
due to dietary deficienc.y rather than to the direct action of alcohol. 


SELECTION OF CASES 

The 83 subjects of this study were the alcohol addicts between the 
ages of 27 and 51 years, inclusive, who were admitted to this service 
during the year ending June 1, 1937, for treatment of the conditions 
indicated in Table I, who did not have and never had had, as far as we 
could ascertain, chronic cardiovascular or acute or chronic kidney dis- 
ease, and had improved or recovered when they were discharged from 
the hospital. 

Eighteen of these S3 patients showed none of the stigmas (Table I) 
of alcohol addiction. The diagnosis of alcohol addiction was made in 


Table I 

Distrlbution of Complications in the Alcohol Addicts Studied 



WITH 

PERIPHERAL 

NEURITIS 

without 

PERIPHERAL 

NEURITIS 

TOTAL 

Peripheral neuritis only 

25 

- 

25 

18 

Alcoholic encephalopathy or 
Korsakoff’s syndrome 

16 

2 

Pellagra* 

Laennec’s cirrhosis 

12 

0 

12 

7 

2 

9 

Scurvy 

1 

0 

1 

Total complicated 
Uncomplicated 

Total subjects , • 

61 

4 

65 

IS 

S.3 


*lncludes two cases of alcoliolic stomatitis. 


♦From the Department of Medicine. New Tork diversity College of Medicine and 
the Psychiatric Medical Service of the Third (New Tork University) Medical Division. 
Bellevue Hospital. 

Beceived for publication Dec. 12. 1937. 
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this group of “uncomplicated” subjects on a record of at least two 
admissions to the alcoholic w'ard of this hospital within one year 
previous to the time w'hen they were selected for study. 

METHODS 

upon adniiKsion to the medical .service each patient was given the basal diet-* 
wliicli is of borderline adequacy in its content of vitamin Bj for persons weighing 
from 58 to 03 kg.; the intake of fluid and salt was not restricted. Only those who, 
because of the severitj' of their peripheral neuritis or enceplialopathic manifestations, 
were unable to be up and about the wards were kept in bed. During this preliminary 
period, which lasted from four to fourteen days, no specific medication was given, 
and the cardiovascular status of each subject was studied. This study included 
(Ij a history of the present illne.ss, covering the diet and any previous acute or 
chronic diseases, as elicited from the fiatient and verified, whenever possible, through 
friends and relatives; (2) detailed pln-sical e.xamination at daily intervals, including 
daily weighing; (3) complete blood count; (4) plasma protein determinations 
within twenty-four hours following admission to the medical service; (5) repeated 
blood pjrcssure determinations; (G) a telcoroentgenogram of the heart; (7) an 
electrocardiogram using the three standard leads, made as soon as the subject was 
able to cooperate; and tS) complete urinalysis, which was repeated if indicated. 

At the completion of the above studies, and after the patient had reached a con- 
stant weight level, the Go patients with complications who showed in addition to their 
alcohol addiction one or more of the diseases li.sted in Table I were maintained with 
a weighed diet rich in vitamin.®, supplemented by 18 gm. of vcge.\' daily. In addi- 
tion to 3,100 calories, this regimen supplied 1,0G5 international units of vitamin B, 
dail}', which was appro.ximately four times their estimated maintenance require- 
ment of vitamin B,.o This therapy was maintained for periods varying from two 
•weeks to two months. In ten instances the oral therapy was supplemented by daily 
intravenous injections of 10 mg. of ciystalline %'itaniin B^if and three patients 
received 50 mg. of ciystalline vitamin B, daily by parenteral admini.stration. The 
studies outlined above ■were repeated at intervals throughout the pjeriod of obsen'a- 
tion and again before discharge. 

The 18 alcohol addicts who showed none of the stigmas of alcohol addiction did 
not receive specific treatment, and the initial studies were not, as a nile, repeated. 


RESULT.S 

The data accumulated were analyzed by t'svo method.s. First, a com- 
parison. was made in the group with complications before and after the 
period of 'I'itarain therapy. Second, ob.seiwations made during the con- 
trol period on the group with complications were compared with those 
made on the group without complications. 

The re.sults by the fir.st method of study are summarized in Table II 
and are described below. Eight (12.3 per cent) of the entire group 
of 65 patients complained of cardiac palpitation on admi.s.sion to the 
medical wards. Twelve (18.4 per cent) were troubled by shortness of 
breath on slight exei'tion. Two complained of pain over the heart in 
addition to shortne.ss of breath, and one eomidained only of precoz’di;il 
pain. Three patients presented marked cyanosis of the nail beds on 
admission to this service. These signs and symiptoms were present singly 
or in combination in a total of 19 of the subjects (29 per cent). In 
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ever}’- instance tliese evidences of cardiovascular dysfunction disap- 
peared -within, four days followino- admission to the medical -wards, and 
before any therapy other than sedation -was instituted. 

Mild to severe edema was present hi 20 patients, two of whom liad 
anasarca. In addition to tlie edema, 18 of these patients (90 per cent) 
showed other signs of circulatory distress. On admission, 13 had one 
or more of the following symptoms : palpitation, dyspnea, precordial 
pahi, cyanosis. In 12 instances the liver was enlarged and palpable, and 
4 of the patients had cardiac murmurs. 


Table n 

Incidence and Type of Cardiovascular Disturbances in the Group -With 
COMPLIC. mONS AND INCIDENCE OP CHANGES FOLLOWING ThERAPY 



NO. OP 

CASES ON 
INITIAL 

STUDY 

NO. OP CASES 

IN COL. 1 IN 
-wmCK STUDIES 

-WERE REPEATED 

AFTER THERAPY 

NUilBER 

lAIPRO-VED 

AFTER 

THERAPY 

PER CENT 

IJIPROVED 

Symptoms due to cardio- 
vascular dysfunction 

19 

19 

19 

100.0 

Edema 

20 

20 

20 

100.0 

Palpable liver 

26 

26 

14 

5.3.9 

Cardiac murmurs 

9 

9 

s 

88.9 

Enlarged heart 
(x-ray) 

14 

8 

4 

50.0 

Systolic blood pressure 
above 150 

15 

15 

14 

93.3 

Diastolic blood pressure 
above 100 

9 

9 

8 

88.9 

Abnormally large value for 

K : Q-T = K -v' E - E 

20 

10 

5 

50.0 

Low voltage of QES in all 

3 leads 

1 

1 

1 

100.0 

Low voltage of T- waves in 
aU 3 leads 

G 

4 

3 

75.0 

Inverted T-war-es in 1 or 
more leads 

25 

15 

11 

73.3 

Depressed S-T segments 

10 

10 

10 

100.0 

Eight axis deviation 

3 

3 

3 

100.0 

Left axis deviation 

16 

7 

4 

57.1 


In 12 cases the edema disappeared after the first day in the hospital 
and did not recur, although -these patients were kept out of bed as much 
as possible during the day. Tliree patients on our basal diet,^ with 
an unrestricted fluid intake, and without absolute bed rest lost their 
edema gradually over a period of three or four days. In 4 cases the 
edema, did not disapjiear until after the institution of iiigli vitamin 
therapy. In one patient who showed anasarca on admission, mild 
pitting edema of the lower extreniities was .still present wlien he was 
discharged fifty-one days later. 
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Sixteen patients who presented the above signs and symptoms of 
cardiovascular dysfunction had enlarged, palpable livers on admission. 
In 12 instances the enlarged liver was associated with edema, and in 7 
of these the liver had decreased greatly in size or was no longer palpable 
at the time of discharge from the hospital. A definite diagnosis of 
hepatic cirrhosis was made in 3 instaneas in which the liver remained 
unaltered in size. The liver decreased considerably in size in one patient 
in whom a diagnosis of cirrhosis had been made. 

Enlarged livers were palpated on admi.s.sion in 10 patients who pre- 
sented no other clinical evidences of cardiovascular disturbance. In 7 
instances the liver was no longer palpable at the completion of the 
study period. One patient noth cirrhosis revealed no alteration in the 
size of the liver, and another with a diagnosis of cirrhosis .showed, after 
institution of the high vitamin regimen, a decrease in the size of the 
liver to a point where it was no longer palpable when he was discharged. 

The average heart rate at the completion of the period of ho.spital care 
was 92, as compared with an average of 101 on admission. 

Of the 9 patients with cardiac munnurs on admission, 3 had systolic 
muimiurs heard only at the apex. In 2 eases a systolic murmur was 
audible only over the aortic area; a sy.stolie muimur audible at both base 
and apex was heard in 3 instances; sy.stolie and diastolic murmurs at 
the base alone were present in one case. Persistence of a murmur 
throughout the period of hospitalization occurred in only one in.stance; 
this patient had a .short rough .systolic murmur over the aortic area 
which was not transmitted. 

Of the 14 patients with roentgcnograpiiie evidence of cardiac enlarge- 
ment, 7 had left axis deviation; one had right axis de%dation; and 6 had 
no abnormal deviation of the electrical axis. Teleoroentgenograms were 
repeated before di.scharge in 8 instances, in 4 of which the size and the 
shape of the heart .shadow were within normal limits. Of the.se 4 pa- 
tients, one had .shown right axis deviation, and 3 left axis deviation; all 
returned to normal before the final teleorocntgenogram. In only one of 
the four subjects whose cardiac enlargement persisted was there an 
associated deviation of the electrical axis (left) throughout the period of 
obseiwation. 

A comparison of the average admi.ssion blood pres.surc of the group 
without complications with that of the group with complications does 
not reveal significant differences. These figures, however, require 
further ana^vsis. If the patients admitted in circulatory collapse are 
omitted from the group with complications, we obtain a value of 141/90, 
as compared with 134/84 for the group witliout complications. We find 
also that in the complicated cases there was a range in blood pre.ssure 
values from 106/70 to 190/120, with sy.stolie blood pressures above 
150 in 15 cases (23 per cent) and vdth diastolic blood pre.s.sures of more 
than 100 in 9 (13.8 per cent). The range in blood pre.ssure values in 
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the group without complications was 110/70 to 160/100 Avith only 2 
patients (13 per cent) presenting a systolic pressure over 150, and none 
a diastolic pressure above 100. 

Analj'sis of the final blood pressure readings in the complicated cases 
reveals a range of 95/60 to 162/105, with an average of 121/81. At the 
time of discharge only one patient (1.5 per cent) presented a systolic 
pressure above 150, and only one (1.5 per cent) a diastolic pressure 
above 100. 

In 20 subjects (30.7 per cent) the relation of ventricular sj'stole 
(Q-T interval) to the entire cardiac cycle (R-R interval), as measured 
in the initial electrocardiograms and expressed by the constant K of 
Cheer and Dieuaide,^^ was above the normal values (0.433 for males and 
0.456 for females) of Shipley and Halloran, as given by Peil.^^ Tracings 
were repeated before discharge in 10 instances. In 5 the value of K 
returned to normal limits. In no case was there an increase in K aboA^e 
that calculated from the initial electrocardiogram. In 4 of the 45 pa- 
tients (69.3 per cent) AAdiose initial A’alues for K AA'ere AAnthin normal 
limits a later rise above normal occurred. We AA'ere unable to correlate 
the changing Amines for K with Amriations in the heart rates of these 
patients. SeA^nteen (85 per cent) of the group of 20 patients AA-ith high 
initial values for K shoAved clinical evidence of cardiovascular dysfunc- 
tion on admission, but 14 (31.1 per cent) of those with initial values for 
K within the normal range also shoAved clinical evidence of cardio- 
Amscular dysfunction. 

The one patient A\dth Ioav Amltage QRS complexes in all three leads 
during the control period developed an increase to normal A'oltage before 
discharge. 

Additional electrocardiograms AAmre made before discharge in 15 of 
the 25 cases in Avhich the T-Avave had been iuAmrted in one or more 
leads when the first tracing Avas taken ; hi 11 of these the T-wave had 
regained the upright position. This group included the 3 patients 
AAntli inAmrsion of the T-AvaAms in all three leads and the 2 Avho shoAved 
an initial inA’^ersion of the T-Avaves in Leads II and III. Of the 4 
patients who showed no change, 3 had had iiiAmrted T-AvaAms in Lead 
III alone, and the fourth an iuAmrted T-wave in Lead I Avith a diphasic 
T-Avave in Lead II. None of these patients received digitalis. 

Four of the 6 patients Avho had slioAvn initial Ioav voltage T-Avaves in 
all three leads had electrocardiograms again before discliarge, and in 3 
there Avas a return to normal Amltage. 

The depression of the S-T segment which had been present initially 
ill 10 patients disappeared in each case after treatment. 

AIL 3 patients avIio had right axis deviation on admission lost it before 
they Avere discharged. Electrocardiograms AAmre repeated before dis- 
charge in 7 of the 16 eases of left axis deviation, and in 3 of these there 
AA'as no abnormal deviation of the electrical axis. 
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111 BO ease in ^vhieh there was edema on admission was the scrum 
albumin lielow 2.5 gm. per cent, or the total serum protein below 5 gm. 
per cent. The average total .serum protein was 6.24 gm. and the average 
albumin-globulin ratio 3.77 : 2.47. The.se figure, s are slightlj’- lower than 
the average for the entire group of subjects with complications. 

>Some degree of anemia was pre.sent in !13 of the 20 patients who had 
edema on admission, which is an incidence of 65 per cent, whereas the 
incidence of anemia in the “complicated” gi-oup as a wiiole was 72,4 
per cent. 

TAm.r. Ill 


A ('OMI'AIilSOX OK THE CAItDIOVA.SCUI.AR .STATUS OK THE “ UXCO.MPEICATEI) ” GliOKK 
W’lTH THE "CoAIITaCATEI)” GUOIH* DUKIXfi TlfE CONTROE PEIHOI) 


' 

i;n’co.mi’i.k'atei) 

CO-MI'I.ICATEI) 

Xo of «i.«c.s: Miile 

Female 



't7 ) rr 


Extrenie.s in age 

28— 4<J 


27—51 


Average age 

38 


40 


Previous heart disease 

0 


0 


Cardiovascular symptoms 

0 


19 (29%) 


Edema 

0 


20 G30.7%) 


Palpable liver 

0 


2G (40%) 


Average heart rate 

88 


101 


Cardiac murmurs 

0 


9 (13.S%) 


Enlarged heart (x-ray) 

0 (out of 1.5) 

14 (out of 55 = 25.4% ) 

Average blood pressure 

134/84 


13G/87 


E.xtremes of K: ilale 

Female 

0.3745—0.4318 
0.394G— 0.4341 

0.3500— 0.G300 
0.4041—0.5181 

Average K : ilale 

Female 

0.4021 

0.4107 


0.4323 

0.4390 


Low voltage of QPS 
in all .3 leads 

1 (5..5%) 


1 (1.5%) 


Low voltage of T-waves 
in all 3 leads 

Inverted T-waves 
in Lead I 
in Lead III 
in Leads II and III 
in all 3 leads 

1 (5.5%) " 

0 

3 

0 

0 j 

-(22%) 

G (9.2%)' 

1 

19 

2 

3 J 

'(47.7%) 

Depressed S-T segments 
in Leads I and II 
in Lead II 
in Leads II and III 

1 

1 j-(5.5%) 

1 1(15.4%) 

8 J 

Right axis deviation 

Left axis deviation 

0 

1 (5.5%) 


3 (4.G%) 
IG (24.6%) 


Average plasma protein 

G.52 


6.32 


Albumin 

Globulin 

4.18 

2..34 


3.82 

2.5 


Anemia 

Mild 

Moderate 

.Severe 

? 1. (out of 17) 
f (11.7%) 

1? 1 (out of 58) 

-J / (72.4%) 


We were i;nable to eori'elate the variations in blood pressure readings 
of the patients with complications with the presence or absence of 
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anemia. Those withont anemia had an average blood pressure of 
144/94; those witli a mild or moderate degree of anemia averaged 
145/91; and those with a severe degree of anemia averaged 142/93. 
The range in blood pressure was practically the same in all groups. 

Tlie results by the second method of study are summarized hi Table 
III. The preponderance of signs and symptoms of cardiovascular dys- 
function in the complicated eases, as compared with the uncomplicated 
cases, is obvious. Nineteen patients in the “complicated” group had 
dyspnea, palpitation, precordial pain, or peripheral cyanosis on admis- 
sion; 20 had pitting edema; and 25 had enlarged, palpable livers, 
Avhereas no patient in the “uncomplicated” group presented any of these 
signs. , A comparison of the eleetrocardiogi’ams .shows a much greater 
incidence of inverted T-waves and depressed S-T segments in the com- 
plicated cases than in the uncomplicated eases. 

In 20 subjects in tlie group with complications the relation of ven- 
tricular s.ystole to the entire cardiac cycle was prolonged beyond the 
normal limits. No patient in the group without complications sliowed 
an abnormally large K. Tlie patients in tlie “complicated” group re- 
vealed a higher incidence of tachycardia, and a greater incidence and 
severity of anemia, but there was no significant difference in the plasma 
protein levels of the two gi'oups. 

COMMENT 

All the subjects of this study were alcohol addicts, but clinical evidences 
of cardiovascular dysfunction were found only among those patients 
who had one or more of the complications listed in Table I. It would 
appear, then, that alcohol per se is probably not the cause of the cardio- 
vascular disturbances which occur in the alcohol addict. Of the 65 pa- 
tients in the group with complications, 61 had pohmeuritis on admission. 
There is abundant evidence to indicate that the primary etiologic factor 
in the polyneuritis of the alcohol addict is vitamin deficiency.^'^ Of 
the four 23 atients who showed no definite clinical signs of polyneuritis, 
two appeared to have the Korsakoff syndrome. The relatives of one 
oO these patients said that he had eaten only one meal daily during the 
past year, and the other, who had had a posterior gastroenterostomy 
performed nine months before, had eaten irregularly for the preceding 
four months. Of the remaining two patients, one complained of a poor 
apjietite of several months’ duration, with pensistent vomitmg during 
the week immediately preceding; and the other admitted imbibing one 
quart of Avhisky daily for the past year, with irregular meals consist- 
uig of soup and sandwiches during the three weeks prior to admission. 
It is obvious that definite and severe dietary deficiencies Avere present 
in all of the.se 65 complicated cases. 

The onset of symptoms referable to cardiovascular dysfunction Avas 
acute or subacute in every case, occurring from tAvo days to two Aveeks 
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before admission, and the symptoms were progressive. 'When palpita- 
tion, dyspnea, and precordial pain occurred, they were usually the first 
signs to be noted by the patient. In addition to one or more of the 
above, a typical patient presented the following; Dependent edema, 
tachycardia, elevated systolic blood pressure, a palpable liver, a moder- 
ate degree of anemia, slight cardiac enlargement, a sy.stolic murmur, and 
electrocardiographic abnormalities such as depression of the S-T seg- 
ments, inverted T-waves, and prolongation of the constant K of Cheer 
and Dieuaide.^’^ 

In several instances it was observed that the degree of edema appeared 
out of proportion to the amount of demonstrable cardiac disease. In 
two subjects with extensive edema there were no signs or symptoms of 
cardiac embarrassment. The venous pressure was measured in one of 
these cases and found to be within normal limits. 

The patients with signs and symptoms of cardiovascular dysfunction 
tended to improve when nothing was done except to keep them in bed 
on the basaD diet, but improvement was hastened in every case Avhen 
the vitamin-rich diet Avas substituted for the Autamin-poor diet, and 
in four cases no improvement AvhatcAmr Avas observed until after a 
high Autamin regimen had been instituted. 

As these patients had been on diets deficient in a multiplicity of neces- 
sary food elements and Avere treated Avith diets rich in protein, fats, 
carbohydrates, and all the vitamins, it is difficult to say that any one 
of these factors Avas responsible for the disease or its cure. 

It is AveU knoAAm that prolonged and sCA'cre deficiency of protein in 
the diet may cau.se considerable edema and many signs of cardioA'ascular 
dysfunction. HoAvever, in this series of cases, although the aA'erage 
serum protein level in the group presenting edema Avas someAA'hat loAver 
than the average of the entire group, no patient had a total serum 
protein leA'cl beloAv 5 gm. per cent, or a .serum albumin beloAv 2.5 gm. per 
cent. The range in values for total serum proteins and albumin frac- 
tions Avas as great in those aaIio had edema as in those Avho did not. 

Of the patients in the group AA’ith complications, 72.4 per cent pre- 
sented some degree of anemia. A careful analysis of the figures, hoAV- 
ever, fails to reveal any correlation betAveen the severity of the anemia 
and the number or severity of signs of cardiovascular dysfunction, in- 
cluding edema. As a matter of fact, scAmral patients Avith severe edema 
and other signs of cardioAmscular disturbance had no anemia. 

The part played by a deficiency in the fat-soluble vitamins A and D 
in the production of these disturbances is probably negligible. First, 
these patients presented none of the AA-ell-reeognized clinical evidences 
of deficiency in either vitamin A or D. Second, the.se vitamins are well 
.stored in the body, and patients AAiio.se diets are deficient in all respects 
may therefore be expected to pi’esent signs of deficiency in one or more 
of the AA-ater-soluble Aitamins long before evidences of Aitamin A or D 



GOODHART AND JOLLIFPE: ALCOHOL ADDICTS 


577 


deficiency are discernible. Platt and point out that “in liigli 
degrees of vitamin deficiency, signs of vitamin A deficiency are not 
seen except occasionally in minor forms, and when thei’c are marked 
evidences of vitamin A deficiency, the manifestations of vitamin B, lack 
are snbmaximal.” As indicated above, 61 of onr patients showed definite 
evidences of vitamin B^ deficiency. In studying the effects of the various 
vitamin deficiencies upon the electrocardiogram of the rat, Drnrj', 
HaiTis, and Mandsley"^*^ found that “of the \dtamin deficiencies tested, 
A and D, separately and combined, appear to exert no characteristic 
influence upon the rhythm of or the conduction in the heart or upon 
the T-waves.” 


Onlj* one of the 65 patients in the gi*oup with complications showed 
clinical eAudence of scuin^L This indhddual had, in addition, a severe 
degree of peripheral neuritis. 

The part played by vitamin Ba (vitamin Ba signifying the entire 
vitamin B complex minus BJ in the production of both peripheral 
neuritis and cardiovascular disturbances in the alcohol addict is ques- 
tionable. In an electrocardiographic study of 38 cases of pellagra, FeiP- 
reports changes similar to those found in beriberi and in this study. 
Thirty-seven of his patients Ave.re alcohol addicts, and one was the victim 
of partial starvation. He reports that all of his patients had “the 
typical picture of pellagra with cutaneous, gastrointestinal and neuro- 
logical sjunptoms of varying degree. ’ ’ 

It is important here to point out that the neurologic symptoms oc- 
curring in alcohol addicts with pellagra are frequently seen in alcohol 
addicts who present none of the cutaneous, gastrointestinal, or mucous 
membrane lesions of pellagra. By far the most common of these 
neurologic manifestations in both groups is peripheral neuritis. The 
relationship of vitamin B^ deficiency to the neuritis of the alcohol addict 
has been adequately demonstrated.^'^ As the diet in Peil’s eases was 
deficient in both vitamin B^ and Autamin Ba, as aU of his patients pre- 
sented neurologic symptoms which from our studies^’ “ appear to bear 
a closer relationship to Autamin Bi deficiency than to pellagra,^" and 
finally, as his findings were similar to those reported in endemic beri- 
beri, it is probable that the cardiac symptoms reported by him AA^ere 
in fact manifestations of vitamin B^ deficiency. Porter and Higgin- 
botham,^^ in a study of 25 selected cases of endemic pellagra, concluded 
that: “(1) The clinical evidence and necropsy studies sIioav that the 
hearts of endemic pellagrins are normal or subnormal in size. (2) There 
are no characteristic electrocardiographic changes in endemic pellagra. 
Those changes that do occur are invariably explained by vascular or 
toxic complications. (3) Beriberi and pellagra, have no comparable 


♦Since the submission of this paper for publication T. D. Spies and C. D. Anns 
(The Effect of A^itamin Bi on the Peripheral Neuritis of Pellagra, J. A. M. A. 110: 1081. 
1938) have confirmed this observaUon that Oie peripheral neuritis in pellagrins is 
primarily a manifestation of vitamin Bi deficiency. 
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effect, on the liearf.. The difference is so absolnte tJiat one venture.s the 
opinion Il)a1 is not concerned willi tJie palhofrenesis of pellagra.” 

That cardiovascular disturbances occur in l)eril)eri is well Itnown. 
This disease is frequently classified as follows: (1) the neuritic type, 
(2) the edematous type, (3) the mixed type, and (4) the cardiac type.’*’ 
The similarity between the manife.stations of cardiova.scular dysfunction 
described in endemic bcj’iberi^®' ’''"2'* and Ibose presented in this study 
is striking. Indeed, our ea.ses can be fitted accurately into the above 
cla.ssification of endemic beriberi. 

Weiss and Wilkin.s'-^’ studied the nature of the cardiovascular disturb- 
ances in vitamin deficiency states in 97 p»atients admitted to Bo.ston 
City Hospital, a large proportion of whom were alcohol addicts. In 
general, their findings agree with those of this stud.y. They noted that 
in “patients with cardiac dilatation, peripheral arterial sounds, rapid 
peripheral flow and engorged veins occurred, but other patients with 
an identical type of deficiency showed pulmonary engorgement and the 
picture of left-sided failure.” In .some cases there was fatal collap.se 
of the peripheral circulation simulating .shock. We have already noted 
the protean nature of the cardiovascular di.sturbances which occur in 
alcohol addicts, and their similarity to those of endemic beriberi. 

It is of interest here to point out that although right-sided enlarge- 
ment of the heart is generally .stre.ssed in textbook di.seu.ssions of beriberi 
lieart di.sease, left-sided preponderance and diffuse enlargement fre- 
quently occur. There may be no notable change in the size or shape 
of the heart. Keefer’*'' jjoints out that pure right-sided dilatation is not 
an essential manifestation of beriberi heart di.sease. Scott and Herr- 
mann,’' in a study of eiglit cases of beriberi iii Louisiana, reported a 
moderate enlargement of the heart in only two eases and a .slight to 
moderate left ventricular pi-edominancc in electrocardiographic studies 
in every ca.se. In this .study we did not observe pure right-sided dilata- 
tion by roentgcnogi-aphic examination, tliough in two in.stances there 
was a marked diftlise dilatation of the heart with right-sided predomi- 
nance. Right deviation of the electrical axis on the initial electro- 
cardiogram was observed in only three .subjects, whereas left deviation 
oecuiTcd in 16. 

In England Campbell and i\lli.son-^ have reported a .soles of eight 
cases of polyneuriti.s, in which the .symptoms of cardiovascular dy.s- 
funetion were more prominent than the neuritic sigjis. They made 
the following interesting observation: “The type of polyneuritis in 
which cardiac changes occur mo.st prominently is beriberi. The cases 
described here bear some re.semblanee to the milder t\ 7 )es of the disease 
as it is de.seribed in the East. Had these eases been seen in the Orient, 
it is not improbable that they would have been attributed to that cau.se. 
On the other hand, it is open to question whether the varied diet of the 
European could ever become so deficient in vitamin B as to give rise 
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to polyneuritis with cardiac clianges.'’ Tlie last statement in this quota- 
tion is open to considerable question. 

That berilieri is a manifestation of avitaminosis (BJ is so well-recog- 
nized that further discussion is unnecessary. As pointed out by Weiss 
and Wihdns,-^ “so far as is Iniomi at present, deficiency of vitamin 
is the only vitamin deficiency wliich is followed by disturbed function 
of the heart.'*’ Carter and Drury ,-2 working experimentally with 
pigeons, and Drury, Harris, and Maudsley,^^ working with rats, demon- 
strated changes in cardiac rate when tliese animals were kept on diets 
deficient in vitamin Bj. 

Edema is not as a rule observed in experimental animals whose diet 
is deficient in vitamin B^, although Peters-"* has shovm that when salt 
solution is given to these animals their weight may increase as mucli as 
50 per cent. This edema may be completely dispelled b^- giving small 
amounts of vitamin B^. 

Peters-^ has demonstrated that there is an accumulation of lactic acid 
in the nervous tissue of pigeons fed vdth diets deficient in vitamin Bi. 
He was unable to demonstrate any toxic substance, or to produce symp- 
toms in normal birds by the injection of lactate. An accumulation 
of abnormal quantities of lactic acid in the blood stream has also been 
demonstrated in patients with endemic beriberi by Inawashiro and 
Hayasaka.-° This has been advanced to explain the facts that beriberi 
patients easily accumulate a large oxygen debt and require an ab- 
normally long time to repay it and that severe cardiovascular dysfunc- 
tion occurs in those who, because their peripheral neuritis is compara- 
tively slight, are most capable of muscular exertion, and to account for 
the peculiar edema of muscle and other tissue which is not of cardiac 
origin. 

Inawashiro and Hayasaka-**’ point out that “if in patients willi beri- 
beri the acidotic condition of the muscle caused by contraction becomes 
very marked, the blood vessels in the muscle will become contracted, 
which makes the blood flow slow and in turn magnifies the acidosis in the 
muscle, the lactic acid resmithesis being further disturbed. Thus in the 
patients of beriberi an important cause has been brought forward of a 
swelling as well as claw pain of muscle.” This may be applied to 
cardiac as well as to skeletal muscle, and may account for the anginal 
pain noted in three of the subjects of this study. 

The incomplete oxidation of carbohydrate associated with the accumu- 
lation of abnormally large quantities of lactic acid in the blood and other 
tissues of subjects vdth vitamin B^ deficiency may be the cause of the 
high systolic blood pressure frequently observed in subjects with beri- 
beri at the acme of the disease. The occurrence of an elevated systolic 
blood pressure was observed by Weiss and Willcins=‘ in their study of 
vitamin deficiency states, and by ns in this study. Lambert and Gell- 
horn=® have demonstrated that the rise of blood pressure caused by 
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oxygen deficiency is gi’eatly augmented by small amounts of carbon 
dioxide which in themselves have no effect upon blood pressure. 

Of the 65 patients with complications included in this .study, 26 pre- 
sented lai’ge livers on admi.ssion. In 10 instances this enlargement was 
not associated with other clinical signs or symptoms of cardiovascular 
dysfunction. Vitamin therapy was followed by a decrease in the size 
of the liver in 14 patients, 7 of whom were in this latter group. We 
are not prepared to state whether this hepatic enlargement was due to 
circulatory failure or to the fatty changes frequently noted at autop.sy 
in the livers of alcohol addicts. 

.SUMMARY AND CONCLUSIONS 

Of 83 alcohol addicts who presented no evidence, past or present, of 
chronic cardiovascular or acute or chronic kidney disease, 18 .showed 
none of the .stigmas of alcohol addiction or deficiency disease. The 
e\ddenee of cardiovascular disturbances in this group -without complica- 
tions was minimal. Of the remaining 65 patients, 61 had peripheral 
neuritis, 2 had alcoholic eneephalopathj’- without neuritis, and 2 had 
portal cirrhosis Avithout neuriti.s. Twetye patients had both neuritis and 
pellagra. 

In this group of 65 patients Avith symptoms of dietary deficiency there 
Avas electrocardiographic evidence of eardioAmseular di.sturbance in 47 
per cent, and clinical evidence in 32.3 per cent. Ten additional patients 
presented large palpable livers Avithout other demonstrable evidence of 
circulatory failure. The problem of the relatiA'e roles played bj’’ fatty 
infiltration and chronic pa.ssiA'e conge.stion of the liA'er in the hepa- 
tomegaly of these 10 subjects Avas presented. 

We haxc pointed out the clo.se resemblance of the clinical picture 
presented bj' alcohol addicts Avith cardioA'ascular di.sturbances to the 
A’arious types of endemic beriberi, and Iirat discussed the part played 
by deficiency of various accessoiy food elements in the production of 
these disturbances. 

In conclusion Ave feel that this studj' .supports the belief that beriberi 
in aU of its manifestations is found in alcohol addicts in this countrjL 
Prom the data here presented we cannot e.stimate the incidence of 
cardiovascular disturbances in alcohol addicts in general. Our studies 
indicate, hoAvevei’, that approximate^ one-third of the alcohol addicts 
who shoAv A'itamin deficiency in the form of peripheral neuritis pre- 
sent clinical CAudenee of some degree of cardioAmscular dA^sfunction 
secondary' to this deficiency. 
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A STUDY OP MYOCARDIAL HYPERTROPHY OP UNCERTAIN 
ETIOLOGY, ASSOCIATED WITH CONGESTIVE 
HEART PAILURB 

With Coxsideratiox of the Roee op Axtecedex'J’ HypEit'j'EXsiox" 

Bernard I. Kaplan, M.D., Eugene Clark, M.D., and 
Clarence E. de la Chapelle, jM.D. 

New York, N. Y. 

T hat congestive heart failure, with rare exceptions, is failure of 
the hypertrophied heaid, has been frecpiently demonstrated,^"* and 
is now widelj'’ accepted.*"^* In the absence of deforming valvular dis- 
ease, congenital cai’diac defects, mechanical bari’iers in the pulmonary 
circulation, adherent pericardium, or diffuse inflammatory myocardial 
disease, cardiac h3’'pertroph3’' is generally referred to S3’'stemie arterial 
h3’^pertension. When there exists a reliable clinical record of elevated 
blood pressure, this opinion appears to be valid. Ma3L however, the 
role of antecedent h3'pertension be invoked when it is not clinically 
apparent? Because the blood pre.ssure in patients with essential h3^pcr- 
tension ma3’' be permanentU^ reduced as a result of myocai-dial infarc- 
tion,^'* o)‘ undergo alterations of a .spontaneous natui-e**’’ *•' or as a 
result of congestive heart failure,*"’ normal values obtained during 
the course of clinical observation cannot be used to exclude the pos- 
sibility of antecedent In'pertension. 

In the absence of clinicalh* demon.strated In’pertension in cases of 
congestiA'c heart failure with m3’’ocardial h3’pertj’opli3’', ma3^ morpho- 
logic ewdence be used to determine the presence or absence of ante- 
cedent hjTierten.sion? Althougli m3"oeardial h3'pertroph3r, without ob- 
wous cause, is in itself often interpreted as evidence that In'pertension 
existed during life,”'' *"• *""** proof for this is lacking. Alterations in 
the arterioles, partieulai’U' those of the kidne3’.s, have been the com- 
monl3^ utilized structural indication of the existence of h3'pei-tension. 
Their use for this iHU'pose has limitations because of the uncertaint3' 
concerning their incidence. It is held b3' man3L*'’'’ and denied 

b3’' others,"*"^* that sclerosis of the arterioles is a constant feature of 
essential hypertension. The problem is further complicated b3' the 
occasional occurrence of arteriolar selei-osis in apparentU^ normal non- 

h3T)ertensive individuals, and in them bears some relation.sliip to 
in, 10 , 28-no 
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During- a period of three years, 43 cases of congestive heart failure 
with predominant left ventricular hypertrophy of uncertain etiology 
have come to necropsy from the wards of the Third (New York Uni- 
versity) Division of Bellevue Hospital. Valvular disease, congenital 
defects, syiihilitic aortitis, adherent pericardium, and inflammatory 
myocardial disease were absent, and the available blood pressure read- 
ings were normal. It occurred to us that if antecedent systemic arterial 
hj^perteiision plaj’ed a significant role in the cardiac hypertrophy of 
these patients, they should exliibit an incidence of arteriolar sclerosis 
similar to that observed in known eases of essential hyiiertension, and 
coiisiderabl.y above that of nonh5’-23ertensive individuals of the same 
age period. This report reiiresents a comparative studj^ designed to 
test this proiiosition and embraces a consideration of other factors 
Avhich might operate in the pathogenesis of cardiac liyjiertrophy. 

SOURCES OF MATERIAL AND JUETHODS 

The cases employed in this study represent successive necropsies 
during a three-year period, excluding patients with valvular disease 
of the heart, congenital cardiac defects, syphilitic aortitis, adherent 
pericardium, inflammatory myocardial disease, or cor pulmonale. All 
of the necropsies were performed or sui^ervised by one or more of us, 
and the method of examination was constant. The hearts were de- 
tached from the ascending aorta from 3 to 5 cm. above the aortic ring, 
and weighed unfixed, devoid of blood or parietal pericardium. The 
coronary arteries were opened throughout their subepicardial coui’se 
by coronary scissors, or hy transverse serial sections at intervals of 
3 to 4 mm., or both. 

The vessels of the kidneys and adrenals were chosen for microscopic 
study. A minimum of two, and an average of four, sections of each 
organ, stained with hematoxylin and eosin after paraffin embedding, 
■were studied. The sections were mixed, and examination was made 
and recorded without knowledge of the clinical history or of the 
necropsy findings. 

The spleen was not utilized because i^hysiologic arteriolar changes 
in this organ are extremety common. The jjancreas was excluded be- 
cause autolysis often produces alterations in the arterioles simulating 
arteriolar sclerosis. Other viscera show the lesion too infrequently to 
be useful in this studjL 

In the kidney sections the preglomerular arterioles were studied for 
evidence of subendothelial hjmline thickening, which was classified as 
severe when the majority were involved, as mild if 2 to 5 affected ai'te- 
rioles were found in a single section, as 1+ if only a single hyalinized 
arteriole was discovered in any section, and as absent if none was 
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eiiconiitered. Sclerosis of tlie interlobular and arcuate arteries Avas 
recorded as mild or severe, depending on the diffnseness of th,e lesion 
and the degree of reduction of tlie Inmen. iVlterations of tlie arterioles 
in the capsule or perieapsular areolar tissue of the adrenals were noted 
as mild or seAmre, corresponding to the diffuseness of subendothelial 
hjmline thickening. 

Clinical data were obtained from the hospital charts and recorded 
Avithout knoAvledge of the necropsy findings. The diagnosis of conges- 
tive heart failure Avas made on clinical CAudence.^^ 

INCIDENCE OP ARTERIOLAR SCLEROSIS IN NONHYPERTENSIAT3 SUBJECTS 

This group comprises 269 cases in Avhich there Avas no clinical evi- 
dence of heart disease, chronic anemia, or h 5 ’perthyroidism, and in 
which the sj’stolic blood pressure Avas constantly beloAv 150, and the 
diastolic beloAV 90. The incidence of sclerosis of the arterioles and 
arteries increases Avith advancing age (Table I), mild or marked 
sclerosis of the renal arteries is from two to four times as common as 
comparable degrees of sclerosis of the afferent glomerular arterioles, 
and the latter vessels are affected in mild or severe degree Avith in- 
creasing frequenej^, reaching an incidence of 42.8 per cent in the ninth 
decade. The adrenal arterioles are involved slightly more frequently 
than the renal arterioles. 

In this group the incidence of 1+ renal arteriolar sclerosis shoAvs 
little variation with age and is similar to that observed in the groups 
to be described subsequently. This constancy indicates that such 
sparse alterations haA'^e no relationship either to age or hypertension 
and therefore are of no value. Moritz and Oldff® observed similar 
focal Amscular alterations in Amrious tissues but disregarded them in 
their classification of the severity of arteriolar sclerosis. 

With the possibility in mind that those patients with mild or severe 
arteriolar disease might have had essential hypertension before they 
were obseiwed clinically, their cardiac Aveights were studied. The aA’^er- 
age weight of the hearts in the 55 cases in AAdiich there was mild or severe 
renal or adrenal arteriolar sclerosis was computed and found to be 336 
gm. for males and 300 gm. for females. Similar average weights were ob- 
tained in the 34 eases in which there was mild or seA’^ere sclerosis of the 
renal arterioles alone. These results agree essentially Avith the average 
heart weights for the group as a whole (327 gan. for males and 2/9 gm. 
for females). Further cAndenee that the alterations in the artei’ioles of 
tlie kidiiejAS and adrenals in this group AA'^ere not the result of arterial 
bypertension' is found in tlife, fact that in only 7 of the 55 eases of this 
group did the heart Aveight exceed 400 gm. for males and 350 gm. for 
females. 



586 


THE A^IEKICAX HEART JOURNAE 


I^'CIDE^'CE OF ARTERIOEAR SCEEROSIS IX ESSEXTIAE HyPEIiTEXSIOX 

TJiis grotip consists of 154 cases of liypertoision, witli a S 3 ^sto]^c 
blood pressure above 150. and a diastolic blood pi'essure above 90. All 
bistanees of cliroiiie ‘rlomerulonepbriti.s, hj'dronexilirosis, chronic pj'elo- 
nephritis, and pol.ye 3 'stie kidnej^s were excluded. 

There were 96 males and 58 females. Table II reveals the distribu- 
tion of these eases according to the cause of death. Congestive heart 
failure was the cause of death in 63, or 40.9 per cent. In 10 additional 
cases congestive heart failure occurred during the period of clinical 
observation, although it was not the primary cause of death. 


Table II 

C.A.USE OF Deatji IX 1.54 CA.SES OF Esrextiat. Hypetitexsiox 


CAUSE 

xo, or 

CASES 

I'EP. CF.XT 

Congestive iieart failure'' 

63 

40.9 

Coronarv tliroml)o.si.s with .shook 

2 

2,3 

Cerebral hemorrhage and cerebral artcrio.sclerosi.s' 

28 

1.8.1 

Uremia 

23 

1 8.4 

HjTJcrtensive encephalopathy 

7 

1 4.5 

Acute infections 

26 

1 10.4 

Others 

25 

1G.2 


»lnclu{le.s 15 cas'js of coronarj,- thrombo.sis. 


In these 154 eases the average weight of tlie heart was 537 gm. for 
males and 455 gm. for female.s. In the 73 eases of conge.stive heart 
failure the average heart weight was 613 gm. for males and 463 gm. 
for females, contrasting with that of 461 gm. for males and 450 gm. for 
females who did not show congestive heart failure. 

The incidence of arterial and arteiuolar sclero.sis in 144 eases of 
essential hypertension is recorded in Table HI. The gi-oup has been 
.subdivided to illu.strate the differences between those patients who 
died of congestive heart failure (69 cases) and those in whom eon- 
ge.stive heart failure, cerebral arterial di.sease, and uremia were absent 
(33 eases). This division was made in order to compare the incidence 
of aiferiolar changes in patients who died in the end stage of their di.s- 
ease (conge.stive heart failure, uremia, cerebral vascular di.sease) and in 
those who died prematureh’- of unrelated eau.se.s, in whom the vascular 
alterations might have been aborted. Of the former, 57, or 82.5 per 
cent, shoived moderate or severe renal arteriolar sclero.si.s, contrasted 
with 18, or 54.6 per cent, of the latter group. 


IXCroEXCE OF ARTERIOEAR SCLEROSI.5 IX CARDIAC HYPERTROPHY 
OF E’XCERTAIX IHIOEOGY 

Included in this group are 43 patients with conge.stive heart failure 
whose blood pressure did not exceed 150 systolic and 90 diastolic. In 
all but two, congestiA'e heart failure v/as present at the time of death. 








llENAIa AND AdRENAIi ArTERIOLAR ScI.EROSIS IN 144 CASES OF ESSENTIAL HYPERTENSION 
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Vahnilai’ def'ormities, congenital cardiac defects, adlierent pericardium, 
syphilitic aortitis, and inflammatory myocai’dial disease were absent 
in this gj’oup as in the two jn’cccrling groups. The age and sex of tliese 
patients are recorded in Table IV. 


Table W 


Age and Sex in Cases of aiYocAP.DML ITvpebtp.opiiy op Uncepjain Etiology 


DECADE 

MALES 

FEMALES 

.s 

0 

1 

4 

2 

0 

5 

4 

2 

G 

8 

1 

7 

14 

1 

8 

C 

2 

9 

2 

0 

Total 

‘id 

7 

Eatio 

5.1 

1 


The anatomical diagnosis of cardiac hypertrophy is based in 32 in- 
stances upon heart weight in excess of 400 gm. for males and 350 gm, 
for females in patients whose bodj’- weight did not exceed 170 lb. In 
3 instances, though the weight of the heart was below 400 gm., it was 
considered hypertrophied in relation to body weight. In those patients 
who weighed more than 170 lb., the heart weight was 450 gm. or more 
(8 eases). The heart weights are charted in Table V and are compared 
with those of patients with e.ssential hypertension who died of conges- 
tive heart failure. The average heart weight for the undetermined 
etiology group (males 520 gm., females 460 gm) is below that of the 
h.'^Tierten.sive group (males 613 gm., females 463 gm.). 

Table V 


TIeabt W?:igut in Cases of Congestive Heaut Failuke and 

JlYOC'Ar.DIAL HYPEIITBOI’JIY 


IIEAUT WEIGHT 

E.NCEP.TAI.N 

ETIOLOGY 

1 IIYPEKTENSIVE 

3IALE 

FEMALE 

M.ALE 

rE.MALE 

300-349 


1 


3 

350-399 

1 

1 


8 

400-449 

G 

2 

5 


450-499 

9 


3 

5 

500-549 

G 

2 

5 

5 

.550-599 

5 


4 

1 

GOO-649 

G 

1 

14 

4 

G50-G99 

1 


4 

1 

700-749 

o 


G 


750-799 



tf 

1 

800-849 



1 


850-899 



1 


900-940 



2 


Total 

30 

7 

48 

28 

Average Jieart 
v.'eig]it 

520 

460 

613 

4G3 
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Table VI illustrates the incidence of arterial and arteriolar sclerosis 
and, when compared with Table III, shows the differences between 
these patients and those with essential hypertension. Mild or severe 
sclerosis of the renal arterioles is less than half as frequent in this 
group (30.9 per cent) as in cases of essential hypertension with con- 
gestive heart failure (82.5 per cent). A similar difference is observed 
when the incidence of mild or severe renal and adrenal arteriolar 
sclerosis is compared in the two groups (45.3 per cent and 91.4 per 
cent, resjDeetively). Fig. 1 illustrates the distribution bj’- decades of 
arteriolar sclerosis of the kidneys in this group as compared with the 
foregoing groups. 



Pig. i.—Relation of mild or severe renal arteriolar sclerosis to ago. C. H. F., con- 
gestive heart failure. 

ANALYSIS OF DATA 

It has been shown that mild or severe renal arteriolar scleiosis oc- 
curs in 12.6 per cent of nonhjqDertensive individuals and that in tliem 
its occurrence bears a definite relationship to age. These findings agiee 
Avith those of Moritz and Oldt.^^ It is evident that subendothelial 
hyalinization of the renal arterioles in certain instances lepiesenhs a 
senescent degenerative process which does not require for its jiroduc- 
tion an abnormall 3 ’' eleA’^ated systemic arterial blood iiressine. 
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TABr,E VI 

Eekal and Adrenal AiiTEraoLAit Sclerosis jn 42 Cases oe JIyocardial 
I lYrERTROPiiy OF Uncertain Etiology 


GROUP 


PRESENT 
IN SOME 
DEGREE IN 
KIDNEYS OR 
ADRENALS 


PRESENT 
AS 1+ IN 
KIDNEYS 


PRESENT 
AS MILD OR 
SEVERE IN 
KIDNEYS 


PRESENT 
AS MILD OR 
SEVERE IN 
ADI’.ENALS 


PRESENT 
AS JfILD OR 
SEVERE IN 
KIDNEYS OR 
ADRENALS 


ARTERIAL 
SCLEROSIS 
OF KIDNEYS 


Entire group 
of 42 cases 
IS cases of 
myocardial 
infarction 
24 remaining 
cases 


NO. 


% 


2.3 


12 


54.7 

C6.7 


11 4.5.8 


NO. 


% 


14.2 

IG.C 

12.4 


NO. 


% 


13 


30.9 

38.9 


25.0 


NO. 


% 


13 

8 


30.9 


44.4 


20.8 


.NO. 


% 


19 


10 


45.3 

55.(5 

37.5 


NO. 


% 


2(5 


01.8 

72..3 


13 54.2 


The question of the constanc 3 '’ of arteriolar sclerosis in essential 
hypertension has plaj’-ed an important role in the search for the patho- 
genesis of that condition. j\Ioritz and 01dt-^“ found renal arteriolar 
sclerosis of .significant degree in 97 of 100 cases of chronic hypertension 
and concluded “that renal arteriolar sclero.sis is the ino.st common 
cause of chronic hj'^pertension.” "We encountered significant renal 
arteriolar sclerosis in 102 of 144 cases of e.ssential hypertension, hut, 
whereas Moritz and Oldt limited their studj’^ to patients with chronic 
h.vpertension djdng in the end stage of the disease, our material in- 
cluded patients until h.ypertension in whom the natural course of the 
disease was interinipted by fatal intercuri’ent illness. That this varia- 
tion in choice of material may be significant is revealed bj’’ the differ- 
ences observed in the incidence of renal arteriolar sclerosis in our 
cases when a similar division is made. Arteriolar sclerosis was present 
in the kidnejLS of 82.,5 per cent of patients with h.vperten.sion who died 
of congestive heart failure but was found in onl,y .54.6 per cent of those 
who did not .shoiv evidence of congestive heart failure, uremia, or 
cerebral vascular disease. 

The investigation of renal arteriolar sclerosis herein reported was 
de.signed to ascertain whether this vascular le.sion could be utilized 
as a morphologic index of the existence of sj'stemic arterial h^'perten- 
sion. Con.sideration of the pathogenesis of essential In^pertension was 
not within the purpose of this .study. The absence of subendothelial 
hyaline thickening of the renal arterioles in 45.5 per cent of eases of 
essential In'pertension in which death occurred before the natural 
termination of the disease does not neee.ssarifr invalidate the role of 
renal ischemia in the gene.sis of chronic hypertension."^ Of the 42 
cases of essential h.ypertension in which there was no significant renal 
arteriolar sclerosis, sclerosis of the arcuate or interlobular arteries was 
found in* 24, It is felt that in the remaining 18 cases the existence of 
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renal ischemia cine to localized sclerosis of the larger branches of the 
renal arteries or their ostia cannot be excluded because of the limita- 
tions of examination. 

As was X)ointed out earlier in tliis report, it was believed that, if 
arterial hypertension played a major role in the genesis of cardiac 
h:sTertrophy in the patients of the uncertain etiology group, then the 
incidence of renal arteriolar sclerosis in this group should be similar 
to that observed in known cases of essential hypertension. In the 
material analyzed, renal arteriolar sclero.sis occurred in 82.5 per cent 
of patients with essential In^Dertension who died with congestive heart 
failure, but in only 30.9 per cent of those in the group of uncertain 
etiology. The age distribution of renal arteriolar sclerosis in the latter 
group is similar to that observed in nonh.^^5el•tensive individuals (Fig. 
1). Since a correlation exists between group incidence of sclerosis of 
the renal arterioles and chronic hypertension, the divergent frequency 
of this vascular lesion in these two groups suggests that thej' are also 
dift’erent in respeet to the existence of arterial hypertension. Hence 
the deduction appears to be valid that hypertension did not play the 
same role in the cardiac hj’pertrophj' of patients in the group of un- 
certain etiology as it did in the patients with essential hypertension. 
In respect to heart weight and sex distribution there are additional 
points of difference between the two groups (Table V). 

It appears that there are no characteristics in common in these cases 
to permit identification as a unified group. Hence an effort was made 
to analyze further those factors which might operate in the produc- 
tion of cardiac InqDertrophy. 

FACTOR. OF CORONARY SCLEROSIS 

That coronarj^ sclerosis may play a role in eardiae hypertrophy 
has been asserted by some-* and denied by others.^’ The 

degree of coronary sclerosis was determined in the group of patients 
with cardiac hypertrophy of uncertain etiology and graded as + if 
there was atherosclerosis without reduction in the lumen, as ++ if there 
was slight reduction in the lumen, and as +++ if there was partial or 
complete occlusion of the lumen because of atherosclerosis or thrombosis. 

In 19, or 44,2 xier cent of the cases of uncertain etiology, coronarj’' 
sclerosis was absent or recorded as + and cannot be considered as a 
factor in the production of myocardial hypertrophy, for this degree of 
coronary sclerosis is almost constant in persons in the fifth and later 
decades of life who exhibit neither clinical nor necropsy evidence of 
heart disease. In the remaining 24 cases (55.8 per cent), there was 
-H- or +4-1- coronary sclerosis, but, since myocardial infarction was 
present in 16 of these, coronary sclerosis per se could have played a 
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role in myocardial hypertrophy in only 8. In 4 o£ the latter other 
factors demand consideration (Table VII). 

Table VII 


Possible Etiologic Factors ia* 43 Cases of Cardiac HvrERTRoriiY of 

TJxcertaix Etiology 


i 

FACTOR 

KO. OF 

CASF.S 

MILD OR SEA'ERE 

RENAL ARTERIO- 
LAR SCLEROSIS 

AVERAGE HEART 

WEIGHT 

CORO.NARY 

SCLEROSIS 

NO. OF OASES 

XOXK OK 

-f 


NO. 

% 

JIALE 

FE.MALE j 

Myocardial infarct i 

IS 

7 

38.1) 



2 

10 

Auricular tibrilla- 1 


0 




4 

1 

tion 




I 




Chronic anemia 


0 


4.35 


1 

1 

HyperthjTOidism 


1 

50.0 


510 

1 

1 

Combination of 

1 

1 

100.0 

590 



1 

anemia and in- 

1 







farct j 








Unknown 

15 

4 

20.0 

494 

450t 

11 

4 


*1 case 
jS cases 


FACTOR OF AIYOCARDIAE IXFARCTIOX 

Old or both old and recent myocardial infarcts were present in 18 
eases of cardiac h 3 T?ertrophy of uncertain etiology. That myocardial 
infarction maj" lead to cardiac hj^-pertrophA" has been asserted by 
many.-' However, that hj'pertrophy frequently does not 

appear following infarction of the mj'oeardium has been our experi- 
ence as well as that of Horine and 'Weiss.-'^ In the period encompassed 
by this .studj”, 11 instances of old organized mj^oeardial infarcts in 
hearts of normal size were encoimtered. 

Although it is clear that infarction of itself does not constantly' re- 
sult in cardiac hj'pertroph.v, infarction which leads to cardiac dilata- 
tion maj' produce it.^-' However, the following consideration 

supports the view that manj' of the eases of myocardial infarction in 
the group of cardiac hj'perti-oplu' of tuicertain etiology' represent in- 
stances of antecedent hj'pertension. Renal arteriolar sclei’osis of mild 
or severe degree was found in 7 of the 18 eases (Table VI), an inci- 
dence which is onlA' slightly* less than that found in a group of eases 
of known In'pertension with mA'oeardial infarction (10 of 20 cases). 

It is thus apparent that, although some of the eases of mj'ocardial 
infarction in this group represent instances of antecedent hyperten- 
sion, the actual number of these is not determinable. 

OTHER PO.SSIBEE ETIOLOGIC FACTOB.S 

If the 18 eases of mj'oeardial infarction are excluded fi’orn the group 
of uncertain etiology, tliere are 25 instances in which the cause of 
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myocardial liypertropliy remains to be established. Considered as a 
group, tbe possible role of antecedent hypertension finds little mor- 
phologic support, for mild or severe renal arteriolar sclerosis was pres- 
ent in only 6, or 25 per cent (Table Yl), and all of these patients were 
in the seventh and eighth decades, a period in which there is a not 
uncommon natural occurrence of these vascular changes (Table I). 
The average heart weight ui this group (506 gm. for males and 480 
gm. for females) was also somewliat below that which obtained in the 
hjTDertensive group. Significant degrees of coronaiy sclerosis oc- 
curred in onlj’’ 8, or 32 per cent. Mjmcardial lesions of inflammatoiy 
nature were not found, and fibrosis of tbe myocardium was absent or 
of insignificant degree. 

Li Table the group of micertain etiology has been subdivided 
according to various factors which, either in themselves or in associa- 
tion with others, might have played a role in the genesis of hypertrophy. 

There were 5 cases in which protracted auricular fibrillation might 
have contributed to the development of m 3 mcardial hypertrophy. 
Eenal arteriolar sclerosis was absent in all, and in onlj’- 1 instance 
could significant coronary disease be invoked as an additional factor. 
In 1 ease the known duration of this arrhjdlimia was thirteen years, 
in another it was ten years, and in a third it was five years. In the 
study reported by Brown^° there were 9 cases of persistent auricular 
fibrillation and cardiac h^Tpertroplij’-. 

Evidence that chronic' anemia may lead to cardiac hypertrophy has 
been advanced bj’’ several investigators.^^'^'^ There were two patients 
with chronic anemia in this group ; neither had arteriolar lesions, but 
one had coronary sclerosis. Cardiac liypertrophj^ was slight (420 and 
450 gm.), and maj’" have been related to tbe existing anemia. 

Hyperthju’oidism was promuient ui 2 cases of this group, and in 1 
case it was of six years’ duration. Mild renal arteriolar sclerosis 
and -H- coronaiy sclerosis was present in 1 case. 

In 1 case the association of severe chronic anemia, myocardial in- 
farction, and mild renal arteriolar sclerosis precludes the implication 
of any one factor. 

There remain 15 cases in this group of uncertain etiology in which 
none of the above factors existed. The low incidence of renal arterio- 
lar sclerosis and the comparatively slight degree of cardiac hyper- 
trophy separate this group from that of essential hypertension with 
congestive heart failure. A significant degree of coronary narrowing 
occurred in 4 of these cases and might have played a role in cardiac 
h^Tpertrophj’-. 

Although it is conceded that myocardial hypertrophy maj’’ have 
been the result of congestive heart failure in these cases, the nature of 
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any myocardial defect -^vliieli might have reduced the efficiency of the 
heart is obscure. No structural myocardial alteration which might 
have initiated this process ha.s been demonstrated in these 15 eases, 
TJie myocardial lesions disclosed by histologic study are of no appar- 
ent significance; they were small, .scattered, interstitial, fibrous foci 
similar to those encountered in any hypertrophied heart. Since it is 
believed that vitamin B deficiency may be related to congestive heail 
failure, the clinical records in these cases were examined for po.ssible 
evidence of the existence of vitamin B deficiencj', but none was found. 

Levy and von Glahn^’' recently reported 10 patients with congestive 
heart failure in whom cardiac hj-^pertrophy of obscure cause existed. 
Some of their cases are similar to those in our group in respect to the 
absence of significant myocardial alterations. 

Finally, it must be admitted that there may have been one or several 
unknown morphologic or functional abnormalities which helped to pro- 
duce cardiac hj'peidrophy in these ca.ses. Although the role of ante- 
cedent hypertension cannot be excluded in the individual ease, its ab- 
sence in the majority of these ca.ses appears probable. Until further 
e\ndence is forthcoming, such clinical tenns as “hj'pertrophy due to pre- 
rtous hj'perten.sion ” or “ai'teriosclerotic heart disease” in de.signation 
of .such eases .should be employed ufith caution. 

SUr^IMARV 

Forty-three eases of preponderant left ventncular hjTpertrophy of un- 
certain etiologj', associated with conge.stive heart failure, have been 
analyzed. Valvular disease, congenital cardiac defects, .syphilitic 
aortitis, adherent pericardium, and inflammatory myocardial disease 
w'ere excluded, and the available blood pressure readings were normal. 

The possible role of antecedent hypertension in the genesis of car- 
diac hj’pertrophy was tested by comparing the incidence of I’enal ar- 
teriolar sclerosis in this group of patients with that in 269 nonhj’per- 
ten.sive subjects of similar age and in 69 patients with e.ssential hyper- 
tension who died in conge.stive heart failure. 

Kenal arteriolar selero,sis occurred in 12.6 per cent of nonhyperten- 
sive patients and in them bears a relation to age. In patients with 
chronic hypertension who died in conge.stive heart failure, sclero.sis of 
the renal artei’ioles was encountered in 82.5 per cent, whereas in 42 
eases of cardiac h.vpei-trophy of uncertain etiology’- the incidence of 
this lesion was only ,30.9 per cent. 

Evidence is pre.sented which .sugge.sls lhat anfecedenl hypertension 
played a part in the development of cardiac hypertrophy in many of 
the 18 eases of myocardial infarction which are included in this group. 
Other po.ssible factors in the cardiac hypertrophy, namely, eoronaiy 
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sclerosis, protracted auricular fibrillation, chronic anemia, and byper- 
tlijuoidism, were found in 14 of the 43 cases of uncertain etiology. In 
the remaining 11, structural or functional abnormalities which might 
have initiated cardiac dilatation and lyqDertrophy Avere not apparent. 
It is felt that although the role of antecedent hypertension cannot be 
excluded in the indhddual case, its absence in the majority of these 
cases appears probable. 
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abnormal distribution op the superficial muscle 

BUNDLES IN THE HUMAN HEART^^ 

Jane Sands Robb, M.D., and Robert C. Robb, M.D. 

Syracuse, N. Y. 

I T HAS often been remarked that Imowledge is incomplete until 
quantitative data are available. Tims, information regarding tlie 
Imman coronary artery distribution acquired more practical value wlien 
Spaltehol/J and later* Gross- and Barnes and Whitten^ were able to 
show that in SO per cent of hearts one tn^c of distribution was found. 
In I’egard to the ventricular muscle bands certain questions have come 
to mind; 

1. Are these muscle bands present in all human hearts? 

2. Are they present in an entirely constant pattern in all human 
. hearts? 

3. Are they present in a recognizable pattern but in relatively dif- 
ferent masses under certain conditions? 

4. Wliat physiologic implications are involved in answering the above 
questions ? 

Constancy of Presence, — The first question is easily answered. Among 
fiftj’’ human hearts dissected in this laboratory, none has been found 
in which the superficial and deep sinospirals and bulbospirals were not 
identifiable. This is in accord -with the observations of previous investi- 
gators (see Robb^ for bibliography comprising 65 references), none of 
whom mention ever having studied a heart in which the discrete ven- 
tricular muscle bands were absent. The conclusion is warranted that 
the individual ventricular muscle bands are identifiable in 100 per cent 
of cases. 

Constancy of Pattern . — a. The constancy of the pattern in all human 
hearts is another matter, though there is a general similarit 3 ^ Thus 
far, no heart has been examined by us which did not have a superficial 
hulhospiral muscle arising from some part of the left aurieuloventricu- 
lar ring and spii’aling dovmward to the apex to penetrate and form the 
inferior (posterior) papillary muscle. The variability of pattern in 
this muscle is observed chiefly in the extent of its origin. In some 
eases there may be an origin from the auriculoventricular ring at the 
right side of the pulmonary artery. MacCallum'^ (p. 312, Pigs. 3 and 16) 
considers the origin of this layer to be “ahnost entirely from the tendon 
of the conus.” MalU describes the origin as from “the conus, the left 
side of the aorta, and the left side of the left auriculoventricular ring” 
(Mall,*^ p. 219, Pig. lA-A'). Fibers of origin from the aorta and the 
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left side of the left axirieuloventriciilar ring were found in 100 per cent 
of our specimens. In about 20 per cent there is no origin further to the 
right, and in less than 10 per cent of hearts does a portion of the .super- 
ficial bulbo-spiral muscle extend completely around the conus to its 
tendon. The posterior border of the origin of this muscle in about 5 per 
cent of the eases is at the obtu.se margin. In 80 to 90 per cent it is at 
the mid-point of the posterior curve of the left aurieuloventricular 
ring, and in 5 per cent (or less) a few fibers attach to the posterior end 
of the ligament. The portion of the inferior (po.sterior or diaphragmatic) 
surface of the heart which is covered by Ibis muscle varies with the 
extent of the posterior origin. It may cover the apical two-thirds of the 
left ventricle and one-thij-d of the right (if the origin ends at the obtu.se 
margin), or as much as the whole of the left ventricle and the apical 
half of the right if the fibers attach to the whole jxosterior curve of the 
left aurieuloventricular ring. There is some variability in the width 
of the band which curves about to form the posterior horn at the apex 
(Mali,® Fig. 7 C, p. 237). 

b. A superficial sinospiral muscle is present in all hearts examined. 
The origin of this muscle is also somewhat variable. In about 5 per cent 
of the hearts the origin may extend from the entire posterior curve of 
the left aurieuloventricular ring as far as the obtuse margin ; in 80 to 90 
per cent it will reach only to the mid-point of the left posterior curve 
of the left aurieuloventricular ring, and in another 5 per cent of cases 
will have its entire origin from the right aurieuloventricular ring. 
According to the extent of the origin, this muscle may cover the basal 
(upper) third of the left ventricle posteriorly, or may be confined en- 
tirely to the basal portion of the right ventricle. Even more important 
than the posterior extent of origin of this muscle is its variability on 
the anterior .surface of the heart. At present it .seems .statistically un- 
justifiable to place much .stre.ss upon the percentage of variability in the 
anterior inferior jjortion of this muscle, for these .sT^eeimens are not 
random samples, but are mainly hearts knoxxoi to be abnormal and, more- 
over, the variations are manifold. Among 50 hearts examined, 4 showed 
great variation in pattern. Pig. 1 portrays the typical sweep of the 
superficial sinospiral fibers downward and forward over the anterior 
wall of the right ventricle. They eiuss the anterior interventricular 
sulcus, where the band eondemses to form the lower third (or le.ss) of 
the anterior wall of the left ventricle and the anterior horn at the apex, 
and then penetrates to form the anterior papillary muscle. Fig. 2 .shows 
how the direction of these fibers is altered from an oblique to an almost 
horizontal direction by a considerable degree of cardiac hypertrophy, 
predominantly left-sided. Figs. 3 and 4 show deficiencies in this layer 
with abnormal insertion under the superficial bulbo.spiral and lessened 
participation in the formation of the anterior horn and anterior papil- 
lary muscle. Where the superficial .sino.spiral is deficient in the apical 
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region, the deep siiiospiral emerges from the septum and becomes part 
of the anterior surface and contributes to the anterior horn and the 
anterior papillary muscle. In the light of Bremer 's description’ of the 
formation of tlie rentrieles as “aneuiysmal out-pouehings, ” such altera- 
tions ill surface pattern are explicable. 

e. the deep sinospiral muscle is fairly constant in pattern. It is 
deficient in the presence of large ventricular septal defects and may 
appear at the surface or contribute to the anterior horn and anterior 
papillary muscle as described aliove. 

d.-No variation in pattern of the deep hulbospiral muscle has been 
noted ill this laboratory. Mall described tliis muscle as forming a cuff 
aliout the liase of the left ventricle and passing through the septum, 



Pr..A.TE I. — ^A’'ariations of .superficial musculature in human hearts. (Anterior aspect, 
X %.) Fig'S. 1-4 show anterior foreshoi’tening due to tilting up of apex to exhibit the 
vortex. SSS. = superficial sinospiral muscle ; SBS. — superficial hulbospiral : DSS. — 
deep sinospiral muscle ; PA. == conus of pulmonary arteiy. 

Fig. 1. — Hormal, note oblique direction of SSS fibers. 


Fig. 2. — ^Hypei’trophy with more horizontal course of SSS. fibers. 

Figs. 3 and 4 depict abnormal evagination of the deep sinospiral muscle fibers to 
the surface. 


Fig. 5. — ^IVindow cut in lateral wall of left ventricle at the base showing relatuy 
thickness of muscle layers : arrows 1 — SBS, 2 — BSS, and 3 — DBS muscles, each 
layer characterized by different fiber direction (see Mall'). 


but he did not emphasize the fact that it also encircled the aorta (Mall,*^ 
Pigs. 9 and 11). Shaner®^-’ finds that the deep hulbospiral surrounds 
both the aorta and the mitral orifice. This observation we have con- 
firmed in human hearts. 

B.elation of Moss to Function . — Since these ventricular muscle bands 
are always present, we may inquire whether each has a specific function. 
W. G. MacCallum” writes (p. 451) : ‘'The arrangement of the mus- 
culature of the heart walls ( J. B. MacCallum, IMall) is such as to control 
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with greatest completeness tlie propulsion of blood; not only does it oblit- 
erate the cavity of the ventricles, but by tbe contraction of the papillary 
ninscles it insures the proper tension and perfect closure of tlie aurieulo- 
ventricular valves. Further, special subdivisions of the muscle support 
the semilunar valves and maintain their closure in such a way that 
even with slight imperfections of the valve leakage is much diminished 
by this muscular action. ’ ’ 

This concept has been tested experimentally (Robb, Hiss, and Robb^°). 
Ill brief, the two superficial muscles are responsible for little else than 
the fixing of the auriculovcntrieular valve leaflets during ventricular 
systole. Experimental injury has scarcely any effect on blood pressure. 
'When the deep sinospiral contracts, it. lessens all transverse diameters 
of the heart. It does all of the work of the right ventricle, and some 
of that of the left. Experimental injury will lower the blood pressure 
considerably, perhaps to half of its original value. The deep bulbo- 
spiral is responsible for the final emptying of the left ventricle and 
maintains systemic blood pressure at the end of systole. When this 
muscle relaxes, the aortic valves close. Experimental injury to this 
muscle causes a tremendous fall of blood pressure and often sudden 
death. If these experimentally observed functions prevail during life, 
various chronic lesions should lead to differential hj^pertrophy. Table I 
gives the measurements of the cross section of the muscles in the ven- 
tricular walls under various conditions, and Pig. 5 presents a sketch 
illustrating the method of obtaining the information. 

It is readily seen (Table I) that in mitral disease the right portion of 
the deep sinospiral is InqDertrophied. Normally this muscle comprises 
75 per cent of the right ventricular waU. In mitral disease (e.g., 
Cases 5 , 6, 7, 8) it formed 85 per cent, 87 per cent, 89 per cent and 
86 per cent, respectively. 

Normally the deep sinospiral forms about 30 per cent of the left 
ventricular wall at the base. In Case 2, showing general cardiac hyper- 
trophy, this muscle increased its relative thicloiess to 37 per cent. 
Moreover, in a small heart (Case 8), in which both aortic and severe 
mitral disease were present, this muscle formed 43 per cent of the wall. 
When the work of the left ventricle is considerably increased, as in 
hypertension with hjTpertrophy (Case 3) and aortic stenosis (Case 4), 
the percentage of its mass was unchanged or even decreased though 
actually the muscle was thickened. 

The deep bulbospiral normally forms about 60 per cent of the left 
lateral ventricular wall at the base. It is interesting to note that in 
Cases 3 and 5, in which hjTJertension was present, this muscle formed 
76 per cent of the waH. In early uncomplicated mitral disease (Case 6) 
the deep bulbospiral was not significantly altered (normally 60 per cent 
of left wall, here 64 per cent), although the deep sinospiral on the right 
had increased in this heart from the normal of 75 to 87 per cent. In 
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a very small heart (Case 8) vith verj’- high-grade mitral disease, 1he 
deep bulbospiral formed less of the left wall than is normal and the deep 
sinospiral hypertrophied to 86 per rent on the right and 43 per cent on 
Ihe left. Presumably in this ease very inadequate filling of the left 
ventricle occurred, thus reducing the demand on the left ventricle. 
Variability in the deep bulbo.spiral was ])reviously noted bj' MalP 
(p. 247): “In Ihe newboi-n and in young children this band is verj^ 
insignificant, which indicates that during growth it must enlarge faster 
than the other heart muscle bundles. It also varies in si;ce in the adult 
heart. Figs. 5 to 12 are taken from an hypertrophied heart which 
shows the circular bands markedly thickened. On the other hand, in a 
dilated heart with thin walls it is bai-ely present, as Fig. 13 shows. 
To .show further variations I add an illusl)'ation of a well-developed 
.small heart in I-hg. 14. Here the deep bulbospiral band is unusually 
well-developed, in fact as well as in the hypertrophied heart shown in 
Figs. 5 to 12.*’ 

In no in.stance of either hyjjei-troidiy or valvular lesion was there a 
measurable change in thicknc.ss of the surface layers of the supei'ficial 
muscles. When mitral disease was advanced, the right papillary mu.scle.s 
tended to hypertrophy. In the most severe miti'al lesion (Case 8), with 
reduction of the orifice to a .small .slit mea.suring only 7 by 1 mm, and 
calcification of the fused valve leaflets, the papillary muscles were 
atrophied. In the hypertensive hearts, and especially in the presence 
of aortic stenosis, the left papillaiy muscles were hypertrophied. 

These findings substantiate the e.vperimental conclusions regarding 
function. There is no doubt that differential hj-pertrophy of the 
ventricular muscle bands can and does occur in human heai’ts. 

Physiological Implkaiions . — Differences in .surface pattern of the 
ventricular muscles offer a heretofore-inimentioned po.ssibility of ex- 
plaining the variable results of timing of initial negativity, of analysing, 
loealixing, and .studying the contour of premature .systole.s, and of leai-n- 
ing about the injury which may be inflicted by .surgical e.xploration of 
the heart. It follows that if data are presented dealing %vith surface 
localization, an accurate .sketch of the muscle arrangement should be 
pi’ovided (the fat and epieardium being first removed). 

.SUJI.HABY AND CON'CLU.SIOX.S 

1. Fifty human hearts have been dissected to demonstrate the ven- 
tricular muscle bands. 

2. The supeilicial and deep sino.spiral and bulbospiral muscles were 
present in all hearts. We know of no report in which these muscles 
were said to be absent. 

3. The surface pattern of these muscles, e.specially at the lower 
anterior surface of the right ventricle, at the right ventricle near the 
conus, along the trabeeulated area, and at the anterior horn of the left 
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ventricle, is variable. The angle at which the superficial sinospiral 
muscle fil 3 ers pass from the anterior horn to the right base varies con- 
siderably. In small hearts the fibers have an oblique course, tending 
to approach the vertical from apex to base. In h;;\T 3 ertrophied hearts 
these fibers have an almost horizontal course. 

4. The masses vary considerably. The right portion of the deep 
sinospiral is differentially hypertrophied in mitral disease or in any 
other disease characterized by increased resistance to pulmonary blood 
flow. The deep bulbospiral is similarly hypertrophied in h;^q3ertension 
and aortic stenosis. If the work of the heart is much increased, the left 
portion of the deep sinospiral maj* also hypertrophy. 

5. The surface portions of the two superficial muscles do not have 
a measurable variation in thielaiess. "When intraventricular pressure 
is increased, the papillary portion of these superficial muscles hyper- 
trophies. Conversely, in a heart with a ‘d)uttonhole” mitral opening 
and calcified leaves, the papillary muscles were atrophied. 

6. If the surface muscles are variable in distrilnition, or if they are 
deficient, apparent discrepancies might occur when localizing points 
of initial negativity, the origin of premature beats, etc. 

7. For surface localization of electrical phenomena, accurate sketches 
of the surface distribution of the cleaned muscle should bo provided. 
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THE EFFECT OF DIGITALIS ON THE FORM OF THE HUMAN 
ELECTROCARDIOGRAM, WITH SPECIAL REFERENCE TO 
CHANGES OCCURRING IN THE CHEST LEAD^ 

Harold J. Stewart, M.D., and Robert F. Watson, M.D. 

New York, N. Y. 

I N 1913 Cohn and FraseN observed inversion of the T-waves of the 
human electrocardiogram foUowing the administration of digitalis. 
In a more detailed study two years later these authors together with 
Jamieson^ described changes in the form of the T-waves and R-T seg- 
ments of the three standard leads following the use of this drug. 
Since then other papers^* ^ relating to this subject have appeared. 

Recently it has been shown that electrocardiograms derived from 
precordial leads maj’- reveal earlj^ and characteristic changes in the 
presence of mjmeardial infarction.® We have found that digitalis also 
alters the form of the preeordial electrocardiogram and that these 
changes ma 3 ^ be confused with those resulting from eoronaiy arteiy 
disease. There have appeared in the literature only a few brief 
references'* “* to these changes and onlj* one short paper^^ devoted 
to them. In this report we shall describe the alterations which we 
have observed in the chest lead of the electrocardiogram following 
the administration of therapeutic amounts of digitalis. 

PLAN OF OBSERVATION 

There are thirty jiatients in whom tlie three standard leads as well as a chest 
lead were tahen, not only before but also after the administration of therapeutic 
amounts of digitalis. All but five of them were in a basal metabolic state (Tables 
I and II) when the records were taken. With one exception (Case 30), the patients 
suffered from organic lesions of the cardiovascular system. The etiologic diagnosis 
was rheumatic fever in IT patients, rheumatic fever and hypertension in l,i hyper- 
tension in 4, hypertension secondary to chronic glomerular nephritis in l,t arterio- 
sclerosis in 4, and syphilis in 2. The examination of one patient v,ho suffered from 
attacks of paroxv’smal auricular flutter failed to reveal evidence of organic heart 
disea-se. Twenty-one patients exhibited no signs of congestive heart failure at the 
time these observations were made; the remaining nine w'cre decompensated. Normal 
sinus rhjdhm was present in 27, and auricular fibrillation in the remaining 3 (Tables 
I and n). One patient (Case 10) exhibited intraventricular heart block (left 
bundle branch tyi>e, new terminology). 

The preparation of dried digitalis leaves made and distributed by the American 
Heart Association^ was used. All patients received digitalis prepared from the 

*From the Nev.- York Hospital and the Department of Medicine, Cornell tJnlver.sity 
Medical College, 

Received for publication Dec. 30, 1937. 
flncludc-d under the Rheumatic Group in Table I. 
flnciuded in the Hj-pertenslve Group in Table IT. 
fO.l gm. equivalent to one cat unit. 
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same batch. We. found by experience tiiat l.S gm. of this batch given within a 
period of twenty-four hours is an effective digitalizing amount.* It was the plan 
to give the digitalizing amount rapidly so that it might be absorbed rvithin twentv- 
four hours after the initial dose. To this end 22 patients received 1.8 gm. of 
digitalis within a period of twenty hours. Of the eight other patients onet (Case 4) 
received 1.6 gm. within a period of eight hours; two (Cases 5 and 24), 1.7 gm. 
within twelve hours; one (Case 17), i.9 gm. within thirteen hours; two (Cases 12 
and 22), 1.8 gm. within twenty-three hours; one (Case 23), 2.0 gm. within twenty- 
eight hours; and one patient (Case 30) received 2.2 gm. within thirty hours. With 
but slight variation the method of digitalization was as follows: After a control 
record had been obtained, the patient was given 0.8 gm. of digitalis as the initial 
dose; this was followed four hours later by 0.5 gm. and then by 0.3 gm. and 0.2 
^ 1 . at four-hour intervals, making a total of 1.8 gm. 

The chest lead was derived by placing the right arm electrode just within the 
apex and the left arm electrode in the left intcrscapular region. At the time the 
control record was taken, a mark was left on the chest wall at the site of the 
anterior electrode so that later records could be secured from the same area. This 
precordial derivation of the electrocardiogram in most normal adults is characterized 
by negative P-waves and T-waves and rather large diphasic Q-E. complexes. The 
E-T segment is commonly depressed 1 to 2 mm. below the isoelectric line, and the 
T-wave varies between 6 and 10 mm. in depth. In making our observations, the 
standardization was such that one millivolt deflected the string 1 cm.; correction was 
not made for small errors in standardization. The time interval behveen the initial 
dose of digitalis and the first electrocardiogram after digitalization had been com- 
pleted did not exceed thirty hours in 26 of the 30 cases (Tables I and II). Usually 
two or more records were taken after digitalization had been completed, and all but 
five patients received maintenance amounts of digitalis during the period of study. 


OBSERVATIONS 


Changes in the Three Standard Leads . — In every case changes in the 
form of the T-waves and E-T segments occurred in one or more of the 
three standard leads after therapeutic amounts of digitalis had been 
given. The easesi may he divided into three groups according to the 
changes which took place in the form of the T-waves. In the first gi’oup 
there are 18 jiatients (Cases 1, 2, 4, 6, 7, 9, 15, 16, 17, 18, 19, 21, 22, 24, 
26, 28, 29 and 30) . In these cases the T-wave decreased in its positive 
phase or increased in its negative phase in all three leads. In the 
second group, comprised of seven patients (Cases 3, 13, 14, 20, 23, 25, 
and 27), the T-wave increased in its positive phase in Lead I and 
decreased in its jDOsitive phase or increased in its negative phase in 
Lead III. The five patients remaining fall in a third group (Cases 5, 
8, 10, 11, and 12). Li these the T-wave remained unchanged in one of 
the leads and decreased in its positive phase or increased in its nega- 
tive phase in the other two leads. 



L 1 Cl. ct; i 1 v.» '-Fi. 

sidered the digitalizing: amount.’ 

tPatient complained of slight nausea after 3.0 gm. wore given. 

±ln one of the natients (Case 23) the third lead was not obtained in the first 
record taken after digitalization had been complet^ : thyiext record, taken two days 
later, was used for compaidson with the control (Table ii). 
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111 eveiy ease except two, the R-T segments became isoelectric, de- 
pressed, or more depressed in one or more of the three standard leads 
following digitalization. That is to say, there was a general tendency 
toward depression of the E-T segment in these cases. In the two 
exceptions mentioned above (Cases 3 and 20), however, isoelectric 
E-T segments in the third lead beeame elevated after digitalis. In 
those patients reeehdng maintenance amounts of digitalis, later rec- 
ords showed nsnally that the changes as already described in the 
T-waves and E-T segments beeame more marked; in a few instances, 
however, the T-waves varied only slightly (Tables I and II). 

Changes in the Chest Lead . — Changes in the form of the chest lead 
were ewdent in the fii*st record taken after digitalization in 29 of the 
30 patients. These 29 patients fall into ten groups according to the 
changes which were observed in the form of the T-waves. 

1. The case of A. G. (Case 4) serves to illustrate the change that 
occnrred in 15 instances (Cases 2, 3, 4, 5, 6, 7, 12, 15, 16, 17, 21, 25, 26, 
27 and 28) in which a negative T-wave became less negative (Pig. 1). 

2. The ease of J. P. (Case 9) serves to illustrate the change that 
occnrred in three instances (Cases 1, 9 and 30) in which a negative 
T-wave became diphasic (Pig. 2). 

3. The ease of C. M. (Case 22) illustrates the change that occurred 
in one instance in which a negative T-wave beeame positive (Pig. 3). 

4. The case of L. B. (Case 20) serves to illusti’ate the change that 
occurred in three instances (Cases 8, 20 and 23) in which a diphasic 
T-wave decreased in its negative phase, and, in one of these, increased 
in its positive phase also (Pig. 4). 

5. The ease of C. McA. (Case 24) illustrates the change that occurred 
in one instance in which a diphasic T-wave increased in its positive 
phase only (Pig. 5). 

6. The case of L. D. (Case 11) illustrates the change that occurred 
in one instance in which a diphasic T-wave became positive (Pig. 6). 

7. The case of G. MacP. (Case 18) illustrates the change that oc- 
curred in one instance in which a positive T-wave increased in ampli- 
tude (Pig. 7). 

8. The case of C. W. (Case 13) serves to illustrate the change that 
occurred in two instances (Cases 13 and 29). In one of these (Case 13) 
a positive T-wave became diphasic and decreased in its positive phase 
(Pig. 8) ; in the other (Case 29) a diphasic T-wave became negative 
and increased in its negative phase. 

9. Ill one instance (Case 14) a dipha.sic T-wave increased in both 
its positive and negative iihases. 

10. In one instance (Case 10) no change occurred in the ampKtude 
of the T-wave, but its contour was altered. 

In short, after the administration of therapeutic amounts of digitalis 
the T-wave in twenty-five cases (those cases included in the first seven 
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Fif?. 2. — In this figure the electrocardiograms of .T. F. (Case !)) are reproduced. Tlie records in this case serve to illustrate tlie change that 
occurred in three instances in which negative T-waves in the chest lead became diphasic after tiic administration of digitalis. Tliis patient re- 
ceived 1.8 gm. of digitalis between G :00 a.m. and G :00 r.M. on May 1<), 1935, and 0.2 gm. additional on May 21, 193.5. 
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groups above) became less negative, diphasic, or positive; if diphasic 
beforehand, it decreased in its negative phase or increased in its posi- 
tive phase or exhibited hotli changes; if already positive, it increased 
in amplitude only. In two cases (included in Group 8) the reverse 



change oceuiT-ed, the T-wave decreasing in its positive phase and in- 
creasing in its negative phase. In the remaining two cases (Groups 
9 and 10) the alterations were diffei-ent still. In one (Case 10) of 
these, however, a negative T-wave became diphasic in a later record 
(Table 1) thus placing it in the second group above. 
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In one patient only (Case 19) did the form of the chest lead remain 
unchanged after digitalization. Twenty-four hours later, this patient 




ha%-ing received 0.2 gm. of digitalis, the form of the T-waves and E-T 
segments was still unaltered. In this case the T-wave was positive, 
and the R-T segment isoelectric. 



STEWART AND WATSON : EFFECT OF DIGITALIS ON ELECTRO CARDIOGRAIM 617 


Tlie elianges iu the E-T segments in the chest lead were not as 
marked as those in the T-waves. In nineteen eases no significant 
change was observed in this part of the electrocardiogram in the first 
record taken after digitalization had been completed. In ten patients 
(Cases 2, 9, 11, 18, 22, 23, 24, 25, 26 and 28) the K-T segment became 
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less depressed, isoelectric, or elevated j in short, there was a tendency 
toward elevation of the E-T segment in these cases. In one instance 
only (Case 29) did the E-T segment become more depressed after 
digitalis. In this case the T-wave which was diphasic before digitalis 
became negative and increased in its negative phase. 
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WJicii mainteiiaiK.-e amounts of digitalis were given llie alterations 
in the form of tlie eliest lead usually became more marked. On the 
other liand, tlie T-wave returned toward its predigitalization configura- 
tion in the five instances (Cases 4, 6, 8, 24, and 29} in Avhich mainte- 
nance amounts of the drug were not given (Tables T and II). 
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The changes iudiiced by digitalis in the form of the T-avra'cs and 
K-T segments in the chest lead bear close enough resemblance to those 
resulting from myocardial infarction and coronary artery disease to 
lead to confusion. In the interpretation of the chest lead effort should 
be made, therefore, to ascertain whether digitalis has been given. 
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SUMMARY 

1. The administration of therapeutic amounts of digitalis induces 
changes in the form of the T-waves and E-T segments of the chest 
lead as -svell as the three standard leads of the human electrocardiogram. 

2. In most instances after exhibition of the digitalis elfect, the 
T-wave in the chest lead became less negative, diphasic, or positive; 
if ah-eady diphasic, it became less negative or increased in its positive 
phase or exhibited both changes; if ah’eady positive, it increased in 
amplitude only. The R-T segments often became less depressed, iso- 
electric, or elevated. However, the reverse of these changes in the 
T-waves and E-T segments may occur occasionally. 

3. Changes in the chest lead were induced by digitalis irrespective 
either of the etiologic type of heart disease or of the state of cardiac 
compensation, a fact which has already been established for the three 
standard leads.^* ^ 

4. The changes induced by digitalis in the form of the T-waves and 
E-T segments of the chest lead may resemble those resulting from 
coronary artery disease or recent coronary occlusion and lead to con- 
fusion in the iaterpretation of the record if it is not known that the 
drug has been given. 
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AN ATTEMPT TO OBLITERATE THE PATENT DUCTUS 
• ARTERIOSUS IN A PATIENT WITH SUBACUTE 
BACTERIAL END ARTERITIS'" 

Ashtois' Graybiel, M.D., Johk W. Strieder, M.D., and 
NoRjrAN H. Boyer, M.D. 

Boston, ]\£4SS. 

O P ALL the complications of heart disease none is of more interest 
than Streptococcus viridans infection, and tliis equally whether 
one considers the nature of the invading organism, the structural changes 
in the heart necessary for its gaining a foothold, or the hopelessness of 
treatment. Although this complication is most commonly seen in rela- 
tion . to chronic rheumatic heart disease, its relative incidence is far 
greater in eertaui Uq)es of congenital heart disease. Thus in Abbott’s 
series^ of 92 cases of simple patency of the ductus arteriosus, death 
was caused by bacterial endarteritis or endocarditis in no less than 21. 
Recovery from this complication is extremely rare- as there is no specihe 
medical treatment. For this reason heroic measures are often justified. 
The follo4ving report is an account of what we believe is the first attempt 
on record to obliterate the patent ductus arteriosus in a patient with 
Strex>tococcus viridans infection. 

case report 

C. McK., a pleasant tempered young woman, twentj'-two years of age, entered 
the Evans Memorial Hospital on Feb- 19, 1937, complaining of weakness and nausea. 
Altliougli frail wlien a child, she had never suffered from any serious illness. At the 
time she began school, her parents were told by the school physician that she had 
a heart murmur. However, except for becoming short of breath a little more 
readily than her companions, she never had had symptoms related to her heart. 
Three .months before hospital entry she began to complain of easy fatigability and 
malaise. Shortly thereafter she was found to have a temperature of 100° P. and 
was advised to go to bed. She soon developed intractable nausea and vomiting and, 
some time later,' attacks of .sharp pain in the chest which were aggravated by deep 
breathing and coughing. She gradually lost weight and strength and, shortly before 
admission, began to raise blood-streaked sputum. 

Physical examination revealed a rather poorly developed, undernourished individ- 
ual. The skin was pale, warm, and dry. No petechiae Avere found. The heart was 
not enlarged although the outer border of percussion dullness in the second and 
third left interspaces exceeded the normal. The heart rate Avas 104 a minute, and 
the rhythm was regular. In the second interspace to the left of the sternum there 
was heard a loud, continuous murmur AA'ith systolic accentuation. In the same area 

*Erom the EA-ans IMemorial and the Thoracic Surgery SerA-ice of the Massachusetts 
Memorial .Hospitals. 


621 



622 


THE AMEUICAX HEART JOURNAL 


there could he felt a thrill accompanying the systolic phase of the murmur. At the 
several 'valve areas no murmur was heard save the systolic phase of the continuous 
murmur which was widely transmitted. The pulmonary second sound was accen- 
tuated ami was much louder than the aortic second sound. The Idood pressure 'is'as 
00 mm. Ilg systolic and 00 mm. diastolic. The venous pressure %vas normal. The 
lungs were elceir and resonant. Tlie abdomen was soft. The liver and the spleen 
were not palpable. There was no clubbing of the tingeis or the toes. 

Teleroentgenograms of the chest .showed several areas of soft infiltration through- 
out both lung fields; the heart was not enlarged, but there was moderate dilatation 
.and increased pulsation in the region of the pulmonary artery. The electrocardio- 
gr.am ^vas normal save for slight in%'ersion of the T-waves in Leads II ;ind III. 
Illood studies revealed a .slight leueocytosis and a morlerate achromic anemia. Re- 
peated blood cultures were positive for the Strcptococruis viridan-K. Examination 
of the urine revealed a very slight trace of albumin and rare granular casts but 
no red Idood cells. 



Fig. 1. 


A diagnosis was made of congenital jjatency of the ductus arteriosus complicated 
with Sitrt'ptococcuH viridam infection. It was believed unlikely that there was any 
addition.'il congenital or acfpiired heart lesion. Because there was nothing of value 
to offer in the way of medical tre.atment, the idea of attempting to obliterate the 
patent ductus by surgical numns had some aj)peal. After considerable discussion 
the matter was broached to the patient and her parents, and the operation under- 
taken with their full approval. 

Operation was performed M.arch 10, 1937. After exposure of the pulmonary 
conus and the root of the aorta the patent ductus was readily idemtified. It .seemed 
appro-ximately 1 cm. in lengtli and 0.5 cm. in diameter. A strong thrill was felt 
when a finger w.as x>la';e<l directly on the vessel. It emild be or^luded easily with 
digital pressure, and this laid neither any axipreciable effect on tlie heart’s action 
nor did it .alter the bloml pressure. The ductus was freed by blunt di.ssection for 
about three-fourths of its circumfercncte anteriorly, laterally, and mesi.allv. TIow- 
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ever, the right pulmonary artery Avas so intimately bound to it by fibrous tissue 
that any effort to free the posterior jjortion seemed extremelj’’ hazardous. Conse- 
quently. an attempt was made to obliterate the ductus with a series of plicating 
sutures. This resulted in a considerable reduction in the lumen of the vessel Init 
obliteration was not complete. No attempt was made to evert and suture the 
pulmonary artery at the pulmonary opening of the ductus. The wound was closed 
without drainage. 

Tlie patient’s postoperative course was remarkably uneventful till within an 
hour of her death. She continued to feel well until the evening of the fourth day 
when she suddenly vomited 200 c.c. of sour-smelling yellowish fluid and quickly 
became cyanotic and pulseless. The blood pressure could not be obtained. Gastric 
lavage was without beneficial result, and despite stimulation the patient died within 
an hour. The immediate cause of death was acute dilatation of the stomach. 

Aniopsy . — The post-mortem examination was limited to the thoracic contents. 
The wound was uninfected and there was no evidence of hemorrhage. The pleura 
was intact, and there was only a little pleural transudate. The lungs showed many 
scattered small infarcts; in the center of a few of the larger ones there was soften- 
ing and necrosis. The lieart weighed 220 gm. The pericardium, myocardium, and 
valves wei’e normal. One centimeter above the right anterior leaflet of the pulmonic 
valve, the Avail of the pulmonary artery presented a friable yelloAvish-gray papillary 
vegetation measuring about one centimeter in diameter (Fig. 1). A similar vegeta- 
tion, H mm. in diameter, Avas situated at the pulmonary orifice of the ductus 
arteriosus AA'hich Avas patent and had a lumen appro.ximately 3 mm. in diameter 
and a length of approximately 1 mm. The length of the ductus consisted almost 
entirely of the thickness of the Avails of the aorta and pulmonary artery, Avhicli 
Avere contiguous at this point. The stomach, as seen through an incision in the 
diaphragm, Avas acutely dilated and occupied the greater part of the abdominal 
cavity. 

DISCUSSION 

It is of most interest to consider this case in tlie light of those con- 
ditions Avliicli must he fulfilled before there is any hope of cui’e. These 
conditions include accuracy in diagnosis, limitation of tlie bacterial 
lesions to the ductus and the immediately adjacent portion of the pul- 
monary artery, the feasibility of surgical intervention,’^ and recovery 
from operation. 

Tlie diagnosis of patent ductus arterio.sus, when not associated with 
other congenital abnormalities, should ordinarily offer little difficully. 
The continuous murmur Avith systolic accentuation, and the thrill, such 
as were observed in the present case, together Avith the x-ray evidence 
of dilatation and increased pulsation in the region of the pulmonary 
artery, make the diagnosis. HoAi'eA-er, in those instances AAfiiere ad- 
ditional congenital cardiac abnormalities are present, the diagnosis may 
present difficulties. 

, *On May G. 1907, in a paper’ before the Philadelphia Academy of .Surg-erv. John 
C. Munro of Bo.ston proposed ligation of the patent d.uctus arteriosus. He had 
made dissections on cadaA'ers of newborn Infants and proposed to split the sternum 
and to place a tie around the ductus or to crush it. Munro felt that the ductus 
Avas largely intrapericardial, and his operation approached it by opening the peri- 
cardium. So fai- as can be ascertained there is no i-ecord of liis eA'er haA-ing .at- 
tempted it on the living. He felt the operation Avas justifiable in cases of impending 
death from circulatory disturbances "with a reasonable basis for belicAdng that 
the duct will be open.” 
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If the bacterial vegetations ai-e present in places other than in the 
immediate vicinity of the ductus, their removal or destruction is prob- 
ably impossible. An exception to this may be the removal of vegeta- 
tions from the pulmonary artery bj' means of a modified Trendelenburg 
operation. Unfortunately, a survey of the pertinent medical literature 
reveals only one instance^ in which the bacterial vegetations were limited 
to the puhnonarj^ orifice of the ductus and only a few instancas in which 
the lesions were limited to the ductus and the pulmonary artery. How'- 
ever, it must be remembered tliat these data represent the findings at 
death, and it is surely possible that for a considerable time before death 
the vegetations may be confined to the neighborhood of the patent ductus. 
Apparently the infection nearly ahvays l)egins in relation to the pul- 
monary orifice of the ductu.s, often extending to the pulmonary valves, 
but rarety into the aorta.*^ Hence a correct diagnosis must be made 
very early or there can be little hope of successful surgical interven- 
tion. 

In the present case operation was not feasible because of the extensive 
bacterial vegetations in the pulmonary artery. The operation as per- 
formed wmuld not even have allow'ed the destruction of the vegetations 
in the ductus itself. However, in any future attempt an effort .should 
be made not only to obliterate the ductus itself but also the ad,jacenl. 
portion of the pulmonary artery. This procedure might be successful 
in removing all the vegetations from direct contact with the blood 
stream and in allowing the natural defense forces to kill the bacteria. 

SUMilART 

1. Nearly one patient in four with patency of the ductus arterio.sus 
dies because of subacute bacterial endocarditis or endarteritis. 

2. In the ease herein reported an attempt was made to destroy the 
bacterial vegetations by obliteration of the ductus. 

3. The difficulties attending an operation of this nature are discussed. 

4. In selected eases removal or obliteration of the patent ductus 
arleriosiLS should be attempted before the appearance of a serious degree 
of heart failure or subacute bacterial endocarditis or endarteritis. 
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THE CLINICAL DIAGNOSIS OF TEICUSPID STENOSIS 

Confirmatory Report of a Case Diagnosed Ante Mortem* 

Richard Dufficy Friedlander, M.D., and Wm, J, Ejerr, M.D. 

San Francisco, Calif, 

I N A previous publication in the American Heart Journal^ we dis- 
cussed the clinical diagnosis of stenosis of the tricuspid valve, enu- 
merating the various abnormal physiologic phenomena associated with 
this vahuilar defect, and presented a detailed report of a case in which 
the clinical signs of tricuspid stenosis were demonstrable. This follow-up 
report deals with the subsequent course of the patient’s iUness and the 
necropsy observations which substantiated the clinical diagnosis. 

Clinical Cmirse . — At tlie time of our previous report, the patient, a young married 
u'oman t^Yenty-four years of age (No. U 2105), ha.d been last seen in the Out-Patient 
Department May 2G, 1935, At that time the clinical diagnosis was “clu-onic rheu- 
matic heart disease with mitral stenosis and insuflSciency j tricuspid stenosis and 
insufficiency; and cai'diac hypertrophy and dilatation, functional Group Ilb,’^ 
Earlier electrocardiographic studies had sho\ra various arrhythmias, including 
paroxysmal nodal tachycardia, nodal rhytlim, nodal ectopic beats, and auriculoven- 
tricular dissociation. Large notched P-waves in Leads I and II, and right axis 
deviation, had been present in all tracings showing normal rhythm. Auricular 
and ventricular hepatic pulsations had been consistently present except with nodal 
rhytlun,- when only the systolic pulsations had been demonstrable. 

The patient had always been cyanotic and subject to dyspnea, particularly during 
attacks of nodal tachycardia, but she had never been orthopneic or edematous. 
Attacks of nodal tachycardia were satisfactorily prevented or controlled by the 
administration of quinidine sulfate. 

Prom June 14, 1935, to Nov. 1, 1935, her course was uneventful except for two 
attacks of nodal tachycardia lasting from four to six hours, both of which were 
terminated promptly by a few additional doses of quinidine sulfate. During this 
period she performed her ordinary household duties despite advice to the contrary. 

On Nov. 27, 1935, she was admitted to the University of California Hospital 
■with ah acute upper respiratory infection. Dyspnea and cough were quite bother- 
some, and cyanosis had increased someAvhat. There was a slight elevation of 
temperature during the afternoon for the first three days, but none thereafter. 
Numerous coarse rales were heard over both lungs, but these had practically dis- 
appeared at the time of her discharge from the hospital, Dec. 4, 1935. An electro- 
cardiogram made at this time showed the presence of auriculoventricular dissocia- 
tion (she had had no digitalis) and roentgenologic studies indicated that the heart 
had increased in size in all dimensions since the last preceding examination. There 
was no roentgenographic evidence of pneumonia. Except for the arrhythmia which 
was present during auriculoventricular dissociation, physical examination showed 
no changes in the heart. The systolic and diastolic murmurs over the mitral and 
tricuspid areas were easily distinguished. The blood pressure was 100/SS. Blood 

• ■ *Prom Die Division of Medicine, University of California Medical School. 
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(.'tiUuri's were negative. It was tlinuglit fliat slie lia.'l lia<1 a milil attacli of eon- 
ge.-(ive cardiac failure wliicli Iiad been iircn-ipituteil by tlie acute ujiper re.spirafory 
infection. 

The patient was seen again in the Out-Patient Department Pel). 7, 1930, at 
wliich time she was very uncomfortable. Her pulse rate was 1(38 per minute, and 
there was no arrhythmia. An electrocardiogram revealed the x>i'((s(-'nce of nodal 
tachycardia. Tlie dose of rpiinidine sulfate wa.s increased to 0,4 gm. two or three 
times a ilay, and she was sent home and advised to stay in bed until her cardiac 
rate became normal. On February 28, HCKi, when she was seen ne.xt, she told a 
story of having had, two weeks previously, a sudden attack of severe sharp pain 
originating between the scapulae and radiating bilaterally and anteriorly to the 
sternum and down both arais. She had been taken to the emergency hospital, where 
a "hypodermic injection” was administered, r-esulting in immediate relief of this 
distre.ss. No cough, tachycardia, or increa.sed dyspnea had accompanied this attack. 
On examination at this time she aj»peared thin and pale, and complained of .severe 
dy.spnea. The lungs were normal. The cardiac findings were unchanged; the 
heart rate was 104 per minute. The blood pre.ssiu'e measured 100/70, The liver 
was enlarged and tender. Double pulsations were plainly palpable in the liver 
and visible in the superficial cervical veins. 

On March 30, 1930, she entered the University of California, Ho.spital with the 
histoiw of sudden onset of paralysis of the entire right side of the body several 
days after her last visit to the Out-Patient Department. She had been uncon.scious 
for twenty-four hours and had experienced motor aphasia for several days there- 
after. The airhasia disappeared gradually, but weakness of the right side of her 
body persisted. Occasionally she had had cough witli small quantities of blood- 
stained sputum. The degree of dyspnea had remained about the same. 

On e.vamination at this time .“he was found to have orthopnea and marked aero- ■ 
cyano.sis. Tlieie was a right facial nerve pal.sy of the sui)ranuclear type. The 
lungs were normal except for a few crepitant n'des at both bases. The lieart was 
enlarged both to the right and left. The left border of dullness in the sixth intcr- 
costiil space was 14 cm. from the midsternal line, and the right border in the same 
interspace was 4 cm. from the midsternal liiie. A pre.systolic thrill was jialpablc 
at tlie ape.v. A low-pitched pre.systolic murmur and a louder high-pitched systolic 
murmur wore heard at the ape.x. Over the lower portion of the sternum there was 
a well localized, .short, high-pitched diastolic murmur, and a loud .systolic murmur, 
Tiie pulmonic second .sound was accentuated. The heart was beating regularly 
at a rate of 90 per minute. Tlie blood pre.ssure mea.sured 94/70. The edge of the 
liver was palpable 4 cm. below the right costal margin, and double hepatic pulsa- 
tions were plainly jialpiable. The left arm and leg were normal, but a 30 to 50 
per cent diminution of muscular x)ower was x)re.sent on the right side. Except for 
los.« of the abdominal reflexes on the right side, all of the reflexes were normal. 
Examination of the urine and blood showed nothing abnormal. 

An electrocardiogram made March 30, 193G, .showed pronounced right axis 
deviation, with high, broad P-waves in Deads II and III, notching of the P-wavc 
in Lead I, and diphasic T-waves in Leads II and III. The mechanism was normal, 
.and the rate was 83 a minute. Electrocardiograms made April G and 10, 193(3, 
showed very little change except for slowing of the rate and the irregular appear- 
ance of premature nodal heats. Simultaneous electrocardiograms and hepatic pulse 
tracings which wore obtained Ax)ril 10, 39.30 (Fig. 3), at a time when ventricular 
ectoijic beats were numerou.=, .“bowed that the latter produrad no auricular wave 
in the hexiatie pulse. 
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PRIEDLANDER AND KERR : 

Eoeutgenologic studies disclosed progressive enlargement of the transverse diam- 
eter of the heart, and great enlargement of the right auricle (Fig. 2). Tliere was 
considerable pulmonary congestion, but no evidence of i)leural effusion. 

The patient was kept in bed and treated with quinidine sulfate. She showed 
remarkable improvement during her stay in the hospital and was discharged April 
12, 19.3(3.. 

She was seen again Aug. 21, 1936. At this time she was feeling very well and 
had gained 10 pounds since she left the hospital. There were no significant signs 



Pier. 1. — Simultaneous electrocarcliograni (Leafl TI) and hepatogram illustrating the 
disappearance of the auricular wave in th.o hepatic pulsations during ventricular 
extrasystoles. 



of the previous hemiplegia, and she had experienced rapid heart action only once 
since her last examination. On Jtin. 8, 1937, she reported again to the Out-Patient 
Department, , stating that she had been getting along unusually well, although she 
had lost several pounds in weight. There were no changes in the pliysical findings. 

On Jan. 28, 3937, the patient died at home of lobar pneumonia. Permission "to 
make a post-mortem examination of the chest and thoracic orghns was obtained. 

Aociyy Oh.s.rroL-on.9.---tJpon removal of the breast plate, the mediastinum was 
. seen to be shifted sliglitly to the right. 

fornia aEdica^'sehooi. Department of Pathology, University of Cali- 
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Eacli pleural cavity contained approximately 200 c.c. of fluid. The lungs were 
crepitant except at the bases; the lower lobe of the right lung was consolidated. 
The lower lobe of the loft lung showed very little that was abnormal. Microscoiuc 
exfimination of the parenchyma of the riglit lower lobe revealed changes typical 
of lobar pneumonia in the stage of red hepatization. There were no noteworthy 
changes in the left lung. 



from appearance of the tricu.^pld anj mitral valves vlewe<l 

rrom the right and left auncle.s, respectively. 

A, tricuspid valve. 

B, mitral v’alve. 


The pericardium was considerably infiltrated with fat, and the ca%'ity contained 
about GO C.C. of clear yellow fluid, but there were no adliesions. 

Prior to removal, the heart measured l.=5 cm. from its right to its left border. 
The left border was approximately at the left anterior axiUaiy- line, and the right 
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border extended about 4 cm. to the. right of the midstemal line. The entire organ 
was dilated, but weighed, despite the obvious enlargement, only 350 gin. The 
■auricles .were tivice the normal size and moderately hypertrophied. The average 
thickness of the auricular wall was 1 cm. The myocardium was firm, and the right 
ventricle was hypertrophied and dilated. The wall of the right ventricle measuied 
7 mm. in thickness, and that of the left, 14 mm. There was a small area of fibiosis 
in the apical portion of the. right ventricle just beneath the epicardium. Additional 
areas of fibrosis were seen in the region of the auriculoventricular node immediately 
above the tricuspid valve and around the sinoauricular node. The leaflets of the 
tricuspid, valve were fused and thickened, with verrucous granulations studding the 
line of closure. The valve was incompetent and moderate^ stenotic. Its circum- 
ference measured 11.5 cm, at the base and 8,2 cm. at the line of closure (ITig. 3). 
Thickening and fibrosis of the mitral valve had reduced its orifice to a rigid 
crescentic buttonliole about 1.5 cm. in diameter and 5 cm. in circumference (Fig. 3). 
The left ventricle was slightly dilated, and its wall was only slightly thicker than 
that of the right ventricle. The aortic valve measured 5 cm. in circumference and 
showed a very slight diffuse thickening but did not appear to be significantly 
affected by the rheumatic process. One of the aortic leaflets was fenestrated in 
its lateral margin. The pulmonary valve was not grossly abnormal; it measured 
7 cm. in circumference. The chordae tendineae were thickened, partly fused, and 
shortened. The papillary muscles were both hypertrophied and flattened. The aorta 
showed scattered, slightly elevated yellowish atheromatous nodules extending from 
the valve to the arch. The coronary vessels wore patent and elastic. Tlierc were no 
auricular, thrombi. (This is of interest because the hemiiilegia, ivhicli this patient 
had had several months before death, had been attributed to the loosening of a loft 
auricular thrombus.) 

Histologic examination of the myocardium showed areas of fibrosis with a few 
Small round cells and plasma cells. The fibrosis in the right ventricle extended into 
the endocardium, which appeared somewhat thickened. 

Tliere was considerable edema of the tricuspid valve with much chronic inflam- 
matory cellular infiltration at its base. In the free portion of the valve there were 
numerous small hemorrhages and several fairly limited areas of round cell infiltration 
with fibrosis and hyaline degeneration. The rlieuniatic process was relatively active 
in the tricuspid valve, as evidenced by a proliferative valvulitis and a recent hyaline 
I’errucous lesion at the closure line. Sections of the mitral valve presented a similar 
appearance except that there was greater degeneration of the connective tissue 
with evidences of lyalinization and calcification. 

Because of the various nodal arrhythmias which this patient had had, sections 
were taken from the region of the aurieuloventricular node; they showed a mildly 
active rheumatic involvement of the auricular endocardium. There were a few 
small Aschoff bodies in the adjacent cardiac musculature. 

SUMMARY 

This supplementary report covers the later clinical course and autopsy 
findings in a case of acquired tricuspid stenosis in which the diagnosis 
was made ante mortem and confirmed by autopsy. 

; REFERENCE 

1. Friedlander, E. D., and Kerr, W. J. : The Clinical Diagnosis of Tricuspid 
Stenosis; Eeport of a Case Complicated by Paroxysmal Nodal Tachycardia 
and A-V Dissociation, Asi. Heart J. ll; 357, 1936. 



Department of Reviews and Abstracts 


Selected Abstracts 


Opitz, E., and Smyth, D. H.: Blood Flow Through the Kidney During Stimulation 
of the Carotid Sinus. Arch, f. d. ges. Phj'siol. 238: C3.3, 1037. 

As a supjdemcnt to the .studie.s of Hartmann, Or.skov, and Ilein tabstract Am. 
Hkaut J., Vol. 13, p. ?>83, 1937) the blood flow to tlie kidneys was studied in dogs 
during .‘•timulation of the carotid .sinus nerves before and after denervation. In 
.spite of tile fall in sy.stcmic blood prc.s.sure, the flow of blood through the kidneys 
remained relatively constant in contradistinction to that through the fore leg, where it 
was increased. This was true after denervation of the kidnej' as well as before. An 
example of the uutomiitieitr of regulation of blood flow to the kidney, which is inde- 
pendent of its nerve.s, is demonstrated. Kecords of simultaneous curves of blood 
flow (Hein strohmuhr) tln'ough renal vein and brachi.al artery and .systemic arterial 
pressure are reproduced. 

STBEt.E, 


Springonim, W,; Eegulation of the Circulation in Skin Influenced by Local Heat, 
Arch. f. d. ges. Physiol. 238; 044, 1937. 

Using his previou.sly developed technique of measuring blood flow to the skin by 
means of a Hein strohmuhr placed upon the auricular artery of a dog, Springoruni 
shows that vasodilatation by local heat docs not alter the etfcctivene.“S of adrenalin, 
k rom this fact he conclude.s that an acetylcholine-like substance is riot responsible 
for vasodilatation due to heat. The argument is reinforced by the fact that neither 
acetylcholine nor histamine gives ri.«e to further increase in blood flow when tlie 
arleriole.s are already dilated by local lieat. He concludes further that the blood 
flow during local heat is not governed by tJie rate of metabolism. 

Steele. 


Bacq, Z. M.: Studies on the Physiology and Pharmacology of the Autonomic 
Nervous System; XXV. The Bole of the Liver and Abdominal Viscera in the 
Destruction of Adrenalin. Arch, internat, de physiol. 45: 1, 19.37. 

The etfect of injecting identiemi amounts of adrenalin into the crural veins of 
cats upon contraction of tlie nictitating membrane or of the virgin uterus was recorded 
on smoked drums before and after evi.wceration and before, during, and after arrest 
of the circulation to the vi.scera. The degree of contraction was either unchanged 
or so little increased after either procedure that tlie increase could he ascribed to 
reduction of tlie cellular mass through which the adrenalin was distributed. The 
author concludes, therefrom, confirming the work of Markowitz and Mann, that the 
viscera piay no role in the de,“f ruction of adrenalin in vivo. 

Steele, 


Enger, E„ Gerstuer, H., and Sarre, H.: Dependence of Eenal Blood Plow Upon 
Ureteral Pressure. Zentralbl. f. inn. Med. 58: 80.7. 1937, 

Uretend pr^.sure wa.s induced in anesthetized dogs by cannuiating the ureter and 
leading tlie tuls.* therefrom into a graduated cylinder in which any desired atmo.spheric 
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pressure could be obtained. Optical records of simultaneous tracings of arterial 
pj'essure/ renal blood flow (Rein strolunulir), and ureteral jiressure during tlie pro- 
cedure were made. 

Eight successful exiierhnents were performed. Only slight, perhaps negligible, 
changes in renal flow occurred below 40 to (50 inm. Hg. From there on up, decrease 
in blood flow was rapid, falling frequently to one-third of the original value at 
ureteral pressures of 120 mm. Hg. Urine ceased to flow at from 40 to 70 mm. Hg. 
When urine secretion was allowed to take place against a manometer, without artificial 
increase in pressure, it was Avithin this range of pressure (40 to 70 mm. Hg, usually 
about 60) that urine flow ceased. The authors note that this pressure is just at the 
point at whiclr renal blood flow begins to decline and suggest that ureteral obstruc- 
tion in patients may interfere Avith the blood floAv. 

It is interesting to note that in the tAvo records produced, the arterial pressure rose 
slightly in one and fell abruptly in the other. 

Steele. 

Menne, Frank R., Beeman, Joseph A. P., and Lobby, Daniel H.: Cbolesterol- 

Induced Arteriosclerosis in Rabbits, With Variations Due to Altered Status of 

Tbyroid. Arch. Path. 24: 612, 1937. 

Rabbits fed pure cholesterol OA'er a long period under different conditions, namely, 
(a) under normal conditions (controls), (b) folloAving thyroidectomy and reduction 
in metabolism, as Avell as after administration of iodine to inhibit thyi-oid function, 
and (c) during administration of desiccated thyroid in such a manner as to produce 
interniittent periods of progression and regression in metabolism, all acquired athero- 
sclerosis in A'arying degrees. In the rabbits under normal conditions, but to a greater 
extent in the rabbits AA'ith a depressed metabolic rate (due to remoA-al of the thyroid 
or to administration of compound solution of iodine) the production of such lesions 
was readily accomplished. The authors conclude that the results tend to corroborate 
the major contention of Leary, that there are tAvo primary conditions necessary to the 
deA’elopment of atherosclerosis, (a) an excess of cholesterol or cholesterol esters in the 
blood and (b) the stress due to mechanical factors in the circulation. 

Montgomery. 

Konsebegg, T., and Monauni, J.: Quantitative Measurements of tbe Adrenalin 

Content of tbe Vasopressor Substance. Ztschr. f. klin. Med. 131: 99, 1936. 

The authors found that adrenalin can be sjilit olf from the A'asopressor substance 
obtained from blood and colorimetrically determined. In renal hypertension it Avas 
found that the content , of adrenalin obtained in tliis Avay A\’as markedly increased. 
In essential hypertension the adrenalin values Avere only slightly higher than in 
, normals. 

. . . Katz. 

Petersen, H.: Rbytbmic Spontaneous Contractions in Vessels. Ztschr. f. Biol. 97: 

; 378, 1936. 

The spontaneous contraction in isolated A'essel strips is a reaction to stretch 
In an isolated artery, the sudden increase of pressure by 70 mm. Hg is f ollowei 
1.6 seconds later by a further increase in pressure Avhich seems to be in the natun 
of a response to the stretch stimulus. 


Katz. 
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Petersen, H.: Electrical Changes Eecorded Prom Arterial Strips of Mammal. 
Zt-schr. f. Biol. 97: .393, 193G. 

Electrical records are obtained in such isolated arteries when they are contracting 
rhythmically. The electrical e\-idence precede.? the mechanical by 8 to 10 seconds 
and lasts 30 seconds. They have a magnitude of 0.5 to 3 millivolts. 

Katz. 


Gremels, H.: Disturbances of the Energetics of the Mammalian Heart. Arch. f. 
expcr. Path. u. Pharmakol. 182: l-5i, 1930. 

Continuous infusion of insulin and gluco.se causes a massive and long lasting de- 
crease in oxygen consumption and with it an increased efficiency of the lieart. 
Acetylcholin also has a similar effect which is aided by the bradycardia. Adrenalin 
and sympatol increase work and make the heart more efficient. Small doses of 
adrenalin inhibit oxygen con.«umption. 

Katz. . 

Battro, A., and Lanari, A.: Injection of Acetylcholine Into the Carotid Artery of 
Man. Compt. rend. Soc. de biol. 125: .541, 1937. 

Acetj-lclioline was injected into tlie common carotid artery of seventeen individuals. 
Ko untoward accidents occurred. The injection was followed by a remarkable scrie.s 
of events: (Ij immediately by Iiyperpnca and sometimes cough lasting one-half 
to one minute, (2) then by the riervou.s phenomena of mofor agitation with occasional 
deviation of the eyes to the side oj>])o.“ite the injection, also lasting about a minute, 
f3) by honiolateral v.asodilalation of the face, neck and eonjunctivac lasting from fen 
to fifteen minute.=, (4) inconstant bradymirdia and in three cases fra7isient auricular 
fibrillation, neither of which occurred if atropine had been imeviou.sly injected, (5) 
homolateral myosi.s, sweating, and lacrimation. He discusses briefly the site of action 
of the drug in eliciting the various phenomena. 

* STEEf.E. 


Wezler, K., and Goyert, KL: A Method for Testing the Punction of the Carotid 

Sinus Mechanism. Ztschr. f. Krei.slaufforseh. 29: 241, 1937. 

A new procedure for estimating the function of the carotid sinus nerves in man 
is described. The jneasures of degree of function arc obtained from simultaneous 
records of pulse waves from tlie fxirotid, radial, and femoral arterie.s .and con.sisl of the 
following: 1. Tlie duration of tlic ba.sie period of o.wilJatiori of tiie earofid artery, 
a function which increases witli decrca.se in pre.SHure witiiin the artery', is taken as 
a measure of degree of stimulation of the pre.'-sor receptor nerve.s. 2. 3'hc ratio of 
the velocity of the pulse rvave in the muscular arteries ffor the most part brachio- 
radial) to the aorta is taken as a measure of the degree of contraefion of the smooth 
muscle of the arteries. 3. The ratio of duration of sy.stole to the interval between 
pul.Kc bejit.s is taken a.s an estimation of the reflex action upon the heart. For varying 
tlie degree of carotid .sinus stimulation the authors vary position of the individuals 
studied from lying to ujiright. It i.s interesting to note that the velocity of the 
pul.«c wave in the muKiular arteries ms compared with that in tlie aorta is much 
greater when the individual is standing than when the individual is lying dov/n. 

In previous work Wezler ha.s developed the the.-Ls that contraction of the muscular 
eoat of an artery make.‘< the arterial wall more distensible, i.e., rcfluces the velocitv 
of tiie pulse wave. On tlie basis of this theory lie concludes from the pre.‘^;iit. studv; 
(1) Witit decrease in carotid pre.-sme, inferred from the decrea.s/‘d frequenev of the 
basic oscillation of tlie wall, the smooth mu.sclc of tlie muscular arteries contract, 



SELECTED ABSTKAGTS 


633 


(2) and the ratio of systole to the interval of the pulse as ^vell as the frequency 
of the pulse increases. From these two conclusions lie dinws the inference that a 
Iiigh degree of arterial sympathetic lone is a.ssociated or hound up with a higli 
degree of vagal or parasympathetic tone. 

Steele. 

r 

Moon, Virgil H.: Shock, Its Mechanism and Pathology, Arch. Path. 24: 794, 1937. 

. Shock is a circulatory deficiency, not cardiac and not vasomotor in origin, charac- 
terized by decreased total blood volume, decreased volume flow and by hemoconcentra- 
tion. An imposing array of evidence from diverse sources supports the interpreta- 
tion that substances absorbed from injured tissue produce progressive circulatory 
deficiency by their effects on the minute vessels in systemic areas. Under the in- 
fluence of these substances, and of other agents, the capillaries and venules become 
atonic and dilated, and their walls become abnormally permeable to the fluids of the 
blood. This results in stasis and leakage of fluid from the vessels. It also increases 
the volume capacity of the vascular system, reduces the total volume and the volume 
flow of the blood, increases its concentration, and produces edema. The evidence 
does- not supjjort the idea that local loss of blood and/or fluid at the site of injury 
is an adequate explanation for shock. But such a loss of fluid is a factor. It 
contributes to the circulatory deficiency in proportion to the volume of blood and 
fluid lo.st. 

IMontgojiery. 

Hadom, W.: Effect of Insulin and Hypoglycemia on the Heart (as Shown in 
Schizophrenic Patients Treated With Insulin). Ztsehr. klin. Med. 130: 643, 
1936. 

This study is based on 43 schizophrenics without heart disease, who received large 
doses of insulin. During hj’poglycemia, there occurred tachycardia, blood pressure 
rise, arrhythmias, and eleetroeardiogi'aphic changes. The electrocardiographic changes 
consisted of S-T depression, flattening or inversion of T, and prolongation of QEST 
and of the QES complex. These heart changes are reversible; hence the author 
believes that there is no permanent heart damage from the insulin treatment. 

~~ Katz. 

Enger, R., and Arnold, H.: The l:2-lsritrosonaphthol Reaction in Hypertensive 
Patients and Persons With Normal Blood Pressure: I, Blood Studies. Ztsehr. 
f. klin. Med. 130; 725, 1936. 

A negative nitrosonaphthol reaction was obtained in specially treated blood in 
normals, in essential hj’pertension, in amyloid nephrosis with marked renal in- 
sufficiency, and in acute nephritis. A positive reaction was found in chronic hyper- 
tensive nephritis and in malignant nephrosclerosis. 

Katz. 

Rich, Arnold R., and Duff, G, Lyman: The Production of Hyaline Arteriolo- 
sclerosis and Arteriolonecrosis hy Means of Proteolytic Enzymes. Bull. Johns 
Hopkins Hosp. 61: 63, 1937, 

Arteriolar lesions having the characteristics of hyaline arteriolosclerosis occur at 
the site of injection of tryptic enzymes of animal or plant origin into the sub- 
cutaneous tissues of normal dogs. Previous medial hypertrophy or intimal prolifera- 
tion is essential for the production of these changes. Whether the enzymes act 
directly upon the vessel wall or whether the lesion results from the action of products 
of protein decomposition is at present undetermined. 


Hines. 
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Ludwig, H.: Experiments on Hydromechanics and Hemodynamics; IX, Pulse 
Wave Velocity in Health and Disease. Zlschr. f. <1. gcs, cxpcr. Med. 99; ?,52, 
1936. 

Becau.se of variability in pulse wave velocit 3 ', studic.s must be based on a large 
serie.s of ob.servation.s. The author used a Miillcr electrical transmitting carbon 
cjipsule and determined carotid-femoral and carotid-brachial transmission times. 
The velocitj' in the arm ves.sels (carotid-brachial) and the aorta (carotid-femoral) 
increase with age. After the age of 50 v-ears the aortic pulse wave velocitv' ac- 
celerates faster than that of the arm ve.s.sels. The deviations in the readings from 
average at anj^ age group is as high as 50 per cent, the mean deviation being 18 
per cent. On the average, pulse wave velocitv' tends to increase with cardiac accelera- 
tion and elevation of diastolic blood pressure. In InTjcrtension the carotid-femoral 
pulse wave velocity becomes verj' high (maximum value 22.2 m,/.=ec.). The accelera- 
tion is greater in essential than in renal hj^jertension, indicating marked alterations 
in the aorta in essential hj'pertension. In heart insufficiency the pulse velocity 
decreases. 

Katz. 


Hecht, H., and Korth, C.; The Q-T Interval of the Electrocardiogram. Ztschr, f, 
Krei.slaufforseh. 29; 577, 1037. 

The Q-T interval represents the duration of the excited state of the heart and 
is related to the duration of the heart CN'cle. It.s duration is not alwaj's related 
to mechanical sj'stole. In 24 patients with tetanj' and verv* low Ca content the 
duration of Q-T is lengthened- This can l>e reversed b.v calcium injection.®. In one 
case with high calcium content (o.stitis fiV>ro.«a generalisala) the Q-T interval was 
shortened. In normal individuals Q-T is .shortened bj- calcium injections. 

Katz. 

Hollmann, W., and Hollmann, H. E-; New Electrocardiographic Methods of In- 
vestigation. Ztschr. f. KreislaufTorsch. 29; 40.5, 1037. 

The authors describe two methods of evaluating the variable factors that in- 
fluence the electrocardiogram, viz., (1) the heart’s po.'-ition in the bodj', (2) the rota- 
tion of the electrical vector during the heart c.vcle, and (3) the di.®tortion of the 
electrical axi.s In- the relative rnu.®cle m.a.ss of the two ventricles. The first method 
con-sists in recording the "absolute cardiogram’’ which registers the change.s of 
potential without regard to the direction of the potential. This can be done cither 
for the frontal plane mapped In the standard three lead.s or for the thre-e dimensional 
currents. This can be done by mathematical handling of the potentials of the 
several leads or In an integrating device. In this waj-, thej' have .shown that the 
potentials registered during the heart e^-cle are all in one direction, the small initial 
and final deflection being merely the re.sult of the direction as.sumed hy the electrical 
axis when thej- are registered. 

The second method con.sists in obtaining the actual record of the vector v/ritten by 
the resultant jiotential developed during the heart cycle. For this purpo.se a 
.“peeial cathode raj- o.“cillograph was designed with six instead of four pole pieces 
(60'’ apart) to control the direction of the electron stream v.Titing on the fluorescent 
screen. Each lead, I, II, and HI, activates a pair of the.-e pole pieces (180° apart). 
The result is a standing wave, which can l>e photographed and which gives the spatial 
value of the moving vector during the heart cycle. Tlii.s they call the "triograph.” 
By having moving instead of stationary film, a time record of the triogram is ob- 
tained from which the direction of rotation of the triogram can be determined. 

Katz. 
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Burkhardt, Edward A., Eggleston, Cary, and Smith, Lawrence W.: Electro- 
cardiographic Changes and Peripheral Nerve Palsies in Toxic Diphtheria. Am. 
.1. M. Sc. 195: 301, 103S. 

Serial electrocardiograms Avere made on 140 patients showing evidence of toxic 
diphtheria; 28 of these showed changes in the contour of the electrocardiogi'ams. 

The electrocardiographic changes were divisible into two groups comprising (a) 
alterations in the T-wave and (b) alterations in the conduction system. 

Twenty-three patients shoAved the T-Avave changes occurring betAveen the fifth and 
thirty-ninth day of illness. A majority of the changes occurred betAveen the eighth 
and fifteenth day of illness. 

Seventeen patients shoAved conduction changes betAveen the fifth and thirteenth 
day of illness; 11 of these patients dcA-eloped A-V dissociation. This complication 
invariably proA’ed fatal. 

Fourteen patients shoAA-ing eleetrocardiogi-aphic changes died of toxic diphtheria; 
seven of these received large doses of diphtheria antitoxin on or before the fourth 
day of illness. Early administration of antitoxin did not save this group of patients. 

Peripheral nerA’e palsies occurred in 65 per cent of the patients presenting electro- 
cardiographic changes. The paralysis apparently bore no causal relationship to the 
cardiac phenomena. 

There Avas a rough parallelism betAveen the conductivity as shoAA'n by the electro- 
cardiogram and the microscopic changes in the myocardium as demonstrated in the 
seven cases of this series that AA-ere autopsied. 

The essential histologic changes in the myocardium due to toxic diphtheria are 
shoAA'n to be progressively, edema, congestin, cellular infiltration, degenerath-e changes 
in the muscle fibers, and ultimate fibrosis. 

These lesions found at autopsy suggest that diphtheria may be one of the causes 
of .chronic fibrous myocarditis in patients who survh’e the more toxic state. 

The electrocardiographic findings constitute an important guide in the treatment 
of diphtheria. Complete inactivity is recommended for those shoAving abnormal 
electrocardiograms until the electrocardiogram has had ample opportunity to return 
to normal. 

Axitiior. 

Ostrowski, W., and Fines, I.: Electrocardiographic Changes in Pericardial Tam- 
ponade. Ztsclir. f. d. ges. exper. Med. 101: 465, 19.37. 

. A parallelism betAveen the electrocardiographic changes and the degree of peri- 
cardial effusion Avas found in experimental tamponade. The electrocardiographic 
changes are characteristic. The S-T segment is depressed and T becomes inverted. 
Cardiac ischemia is produced only Avhen the effusion is rapid and large, but there 
always is interference Avith the inflOAV to the heart. 

Katz. 

Herkel, W., and Webei;-, A.: Clinical and Experimental Studies of the Electro- 
.cardiogram. IX. Course of the Action Potential on Chest Wall. Ztsclir. f. 
klin. Med. 131: 60.3, 29.37. 

The authors found that after the Q portion of QRS the greatest negativity on the 
thorax anteriorly is near the middle of the base of the heart. Then it rapidly spreads 
toAvard the right base and anterior Avail of the right ventricle. Invasion ends first 
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in the mifirlle of the Jieart. It takes place then in the following or/ler: apex, right 
base, anrl, last, middle of the base. This is based on simultaneous recording of six 
leads by lucans of aniidifiers and oscillographs, 

Katz. 

Hegglin, E., and Holzmann, M.: Clinical Significance of Prolonged Q-T Interval. 
Ztschr. f. Win. Med. 132; 1, 1937. 

Electrical systole was correlated with cycle length. In one group with prolonged 
Q-T, a decreased serum calcium was found, viz,, tetany, spasmophilia, uremia, hepatic 
coma, and sprue. In this group there was a regular prolongation of Q-T when the 
calcium in the serum was below 9 mg. per cent, and a return to normal duration was 
indicated when the calcium content rose. 

A second group of prolonged Q-T was found without a decreased calcium content. 
In this group there were (a) hypertrophied hearts on a hypertension basis and 
myocardial infarction, (b) diphtheria, pneumonia, and tuberculosis, and the Q-T pro- 
longation was a sign of a serious outlook, (c) diabetic and hypoglycemic coma, 

(d) disturbances like myxedema, hyperadrenalemia with adrenal cortical tumors, or 

(e) some instances of lung emboli. 

In the group with a lowered calcium content, prolongation of Q-T occurred in- 
volving chiefly the S-T intcr\-al; in the nonhypocalcemic group there was primarily a 
broadening of T, The latter form is the more serious, the authors believe, 

Katz. 

Weber, A,: Clinical and Experimental Studies of the Electrocardiogram. X- The 
Meaning of the Electrocardiogram. Ztschr. f. Win. Med. 132: ].o3, 1937. 

The author points out that in man one really never gets a unipolar lead since the 
chest electrode is removed from the heart; even on the heart one gets a potential 
difference of two electrodes. The potential on the surface of the body is about 
one-sixtieth of that on the surface of the heart. The small size of the deflection on 
the surface of the body is not due to a drop in the potential from the center to the 
Ijeriphery, ljut is an expression of the small potential differences between various 
spots on the body surface. Evidence is given to sho^v that S-T and T depression is 
due to dam.'ige to one ventricle, 

Katz. 


Barber, Hugh; Trauma of the Heart. Brit. .M. J. Feb. 2G, p. 433, 19.38. 

The forms of heart disease wliich have been recorded as the result of direct 
violence to the chest wall or as the result of strain are discussed. The conclusion is 
drawn that the idiysical signs on examination are of little as.sistance in assessing the 
diagnosis of trauma. Eeliable clinical histories, in the tvidest sense of those terms, 
must be assessed with judicious care. This includes such evidence as the'patient’s 
own doctor can supply. 

The clinical diagnosis of a contusion of the heart is discussed. 

It is claimed that there is clinical evidence that the normal heart may become 
diseased as the direct result of overstrain from effort. 

With regard to these t%vo conditions, contasion of the heart and primary cardiac 
over.strain, it is difficult to obtain the jjroof that the symptoms in question are 
due to a genuine heart disability, but the probabilities in some eases are .sufficient 
to justify the diagnosis. 


Autiiok. 
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Bacal, H. L., and Stnithers, R. R.: The Organization of a Rhemnatism Service. 

Canad. AL A. J. 38: 227, 193S. 

The organization, hotk medical and plij'sical of the ‘'rhenmatism” service in tlie 
Children -'s IMemorial Hospital, Montreal, is described. The benefit both to the staff 
and to the patients of continuous observations by one group interested in a study 
of tliis disease is obvious. Of these benefits, one of the most marked is the freedom 
from repeated respiratory tract infections enjoyed by a moderately isolated group in 
a humidified atmosphere. 

Prom these observations it may be concluded that the next advance in the study 
of rheumatic disease in childhood must come from the study of the bacteriology of 
this affection. 

Authors. 

McEwen, Currier: Cytologic Studies on Rheumatic Fever, m. A Comparison of 

Cells of Subcutaneous Nodules From Patients With Rheiunatic Fever, Rhemna- 

toid Arthritis and Syphilis. Arch. Path. 25: 303, 1938. 

The predominant cells of syphilitic subcutaneous nodxiles differed strikingly from 
those of rheumatic and rheumatoid arthritic nodules in their reaction to supravital 
staining and proved to be the distinctive stimulated monocytes and clasmatocytes 
previously sho^vn to be characteristic of syphilitic lesions. Thus cytologic proof is 
added to the evidence provided by ordinary histologic study that the clinically 
similar subcutaneous nodules of rheumatoid arthritis and syphilis are pathologically 
dissimilar; the latter are shown to be not merely nonspecific lesions but representa- 
tive of sypMIitie tissue reactions in general. This result gives indirect support to the 
belief that in rheumatic fever, too, the subcutaneous nodules are characteristic 
of granulomas elsewhere in the body and that conclusions drawn from a study 
of cells of the nodules are applicable also to those of the cardiac lesions. 

In contrast to the findings in the sypliilitic lesions, the cells of nodules from pa- 
tients with rheumatoid arthritis were in all essential features the same as those of 
orthodox rheumatic nodules. Ob\T:ously, this does not prove the identity of rheumatic 
fever and rheumatoid arthritis, but it does add one more bit of evidence to the 
clinical and histologic similarities suggesting a relationship between these two 
diseases,, and, when taken into consideration with other histologic features, it in- 
. dicates that at least in the proliferative phase of the tissue reaction they are similar. 

A comparative study is reported of supraxutally stained preparations of sub- 
cutaneous nodules from patients with rheumatic fever, rheumatoid arthritis, and 
syphilis. The cells of rheumatoid arthritic nodules were found to have essentially 
the same characteristics as those of rheumatic fever. The cells of syphilitic nodules 
differed and proved to be those characteristic of sj*plulitic lesions in general. 

Author. 

Kaump, Donald H., and Dry, Thomas J.; Pulmonary Arteriolar Sclerosis. Arch. 

Int. Med. 61: 1, 1938. 

Arteriolar sclerotic changes in the pulmonary arterial tree are more effective in 
producing right ventricular hypertrophy than are sclerotic changes in the larger parts 
of the pulmonary arterial tree. In aU except three of the sixteen cases in which only 
the pulmonary artery and its main branches showed atherosclerotic changes, h\-per- 
/ trophy of the right ventricle was absent. Of thirteen cases in wliich there were 
varying degrees of diffuse pulmonary arteriolar sclerosis, hypertrophy of the right 
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ventricle was present in eleven. Hypertropli}' of tlie right ventricle is, in these 
cases, probably an indication of elevation in blood pressure within the pulmonary 
artery. A close analogy exists between pulmonary arteiial hypertension and periph- 
eral arterial hypertension, in that sclerosis of the arterioles is a more common 
accompaniment of hypertension than sclerosi.s of arteries is. 

MONTGO>rKi:Y. 

Bonnet, B., and Bonamour, G,: Periodically Recurrent Hemorrhages of the Vitre- 
ous in Arterial Hypertension at the Time of the Menopause. J. de mod. de 
Lyon, No. 41.3: 177, 1937. 

Three cases of long-standing arterial hyperten.sioii arc reported with develop- 
ment of difficulty ill vision at the onset of, and during, the menopause, due ap- 
parently to hemorrhages into the vitreous humor. Associated arterial changes 
were usually noted in the retina and elsewhere. The three reported eases were 
over fifty years of age, but the authors make the statement that this syndrome 
is also seen following artificial menopause at an earlier age. 

Steelk. 


Scheid, G., and Stem, A.: Transcerehral Iontophoresis of Bee Poison in Arterial 
H 3 rpertension. Klin. Wchnschr. 33: 609, 1937. 

Proceeding on the theory that narrowing of the arteries to the vasomotor centers 
and consequently reduction in blood flow may be the cause of hypertension (he 
authors believe that falls in arterial pre.s.sure obtained in hypertensive patients 
even up to twenty-four hours after treatment were due to the dilating effect on 
the cerebral ve.“sels of bee poison introduced by tran.scerebral iontophoresis. TJie 
current used was from 2 to 5 Ma. for fifteen minutes driven from forehead to 
nape of neck from lead electrodes. 

fiTEELE. 


Oppenheimer, Enid Tribe, and Prinzmetal, Myron: Role of the Arteries in the 

Peripheral Resistance of Hsijertension and Related States. Arch. Tnt. lifed. 60: 

772, 1937. 

A study was made of the brachial-digital pres.sure gradient for .subjects with 
low, normal, and high blood pres.sure. Similar studies were also made for the 
patient with paroxysmal hypertension due to adrenal phcochromocytoma and for 
four patients with obstructive vascular disease. The average brachial-digital 
pressure gradient for patients -with chronic hj’perten.sion was found to be approx- 
imatch' the .same as for those with a normal or a low blood pre.“surc. For three 
patients with very high blood pre.«.s-ure.«, there was a notable reduction in gradient. 
Since there is no increase in the gradient in h^-pertensiori, it is concluded that 
there is no increased resistance in the arteries larger than the digital arterie.s. For 
the patient with phcochromocytoma with epinephriiiemia the pressure gradient was 
markedly increased, indicating constriction of arterie.s larger than the digital 
arteries. For four patients with obliterative vascular disease the prc.ssure gradient 
was al-so increased, owing to obstruction in the arteries re.siilting from organic 
changes. This increa.«e in pre.s.‘-urc gradient, contrasted with the normal or per- 
haps decreased gradient of chronic hypertension, supports the view that in hyper- 
tension there is no increased rcsi.-^taiice in the larger arterie.-<. 


SIO.S'TGOJIEP.y. 
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Stalker, L. K., and Pemkerton, J. deJ.: Arteriovenous Fistula; Report of a Case, 
Proc. Staff Meet., IMayo Clinic 12: 557, 19J17. 

A case of acquired arteriovenous fistula in a boy, 15 years of age, is presented. 
There was marked hA"pert.rophy of the leg on the affected side, Avhich is unusual in 
arteriovenous fistula of the acquired type. There Avas occlusion of the femoral vein 
by an organized thrombus just proximal to the fistulous communication which 
impaired the return floAv of blood and resulted in marked venous engorgement of 
the limb. The fistula Avas treated by ligation of the A'essels aboA^e and below 
the fistulous process, and excision of the segment of artery and vein including the 
fistulous tract. 

Hinks. 

Allen, E. V., and McKeclmie, R. E., Effect of Intermittent Occlu'iion on the Cir- 
culation of the Extremities. .T. Lab. & Clin. IMed. 22; 1260, lf).S7. 

A study of the effects of intermittent venous occlusion on the skin temperatures 
of nineteen patients Avith or AA-ithout oeclusiA-e arterial disease did not di.sclose 
CAudence of .significant or consistent Amsodilatation resulting from the procedure. 

Autiiok. 

Miura, p.: Concerning a Poisonous Mushroom “Clitocyhe acromelalga” Ichimura 
and the Disease Similar to Erythromelalgia Produced by It. Tohoku J. Exper. 
Med. 31: 1, .1937. 

Three cases are reported in Avhich redness, sensations of pricking, tickling, and 
CA'entually pain in the extremities folloAA-ed ingestion of mushrooms (Clitocyhe 
acromelalga ). Exposure to cold or heat increased the A-arious sensations. One 
patient recoA'ered in approximately ten days. The second, a sickly indiAudual 
from childhood, developed edema, pustular eruptions, and ulcers of the legs, after 
the initial symptoms of burning and redness, and died apparently about one month 
after eating the mushrooms. In the third patient, too, edema and ulceration of 
the skin of the feet, AAdth loss of sufficient tissue to necessitate skin grafts, folloAved 
the original redness and pain, but he eAmntually recovered. Histologic study of 
.skin from this individual .shoAved massiA-e edema of the papillary layer and extreme 
Avidening of the papillary and subpapillary A'e.ssels, which were filled to bursting 
with , blood. Mild thickening of the epidermis and considerable increase in pig- 
mentation of the basal cells AA-ere also noted. 

Perhaps the most interesting observation Avas the marked polycythemia which 
developed in the tAvo cases in Avhich counts of the red blood cells AA-ere made. 
One reached a level of 10.26 millions on the ninth day folloAving the ingestion of 
the mushrooms and fell off by the thirteenth day to 5.56 millions. The maximum in 
the second case AA-as 7.1 millions on the sixth day. 

The pharmacologic action of. the mushroom is then discu.ssed, and its similarity 
to ergot is pointed out. The disease produced in man by its ingestion is likened 
to Weir Mitchell’s disease (erythromelalgia), but the author makes clear that 
in the former the patient recovers while the latter is a chronic affliction. Because 
in one case local anesthetization of the nerves was followed by improA-ement, he 
believes that the disturbances of the circulation are due to the effects of the plant 
upon the A-asomotor nerA-es. 


Stekle. 
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Yater, Wallace M.; Maintenance of the Functional Integrity of Occluded Large 

Arteries as Demonstrated by Thorotrast Arteriography. Am, J. M. Sc. 194: 

372, 1937. 

Arteriography is teaching us manj' things about the meclianic.s of the circulation 
in vascular disease which are not demonstrable otherwise. In Case 1 we see how 
nature restored the function of a main artery by sidetraching the blood from 
above an occluded portion of the artery through a branch and bringing it back 
to the main trunk below. Undoubtedly other collateral arteries aided in this res- 
toration. The history suggests embolism, but more probably sudden thrombo.sis 
occurred. The restorative alterations were made within a month of the time of 
occlusion. 

Case 2 is quite ditTerent from Case 1. Here the occlusive process apparently 
developed very slowly, being due to gradual diminution of the lumen by athero- 
sclerosis. But again w’c see the same detour of the blood through smaller arteries 
back to the main arter}'. Case 3 was similar to Case 2 in that the occlusive 
process was undoubtedly a verj- .slo%v one due to atherosclerosis. 

Beadjustmcnt of the circulation of the lower extremity by direct anastomosis 
allows one to make a better prognosis than in cases in which the main arteries are 
completely' obliterated and in which the circulation is entirely dependent upon 
smaller ve.ssels. In Cases 1 and 3 there was no gangrenous jirocc-ss, and in Case 2 
trojjhic changes were minor and healed readily. 

In cases of embolism in which recovery ensuc.s, it may be that the circulation 
in an extremity is reestablished in the manner de.scribed, at least at times, Arteri- 
cctomy as -^advocated by Ijcriche may be efficacious in that such a procedure con- 
ceivably may' stimulate the development of direct anastomoses as well as the col- 
lateral circulation in general. 

Only' one illustration of a case similar to thc.se could be found in the literature. 
This was Case 20 (j;. 377 ) of Demel, Sgalitzer and Kollert, It is probable, how'ever, 
that such cases have been observed in large clinics where arteriography' is fre- 
quently cmploy'cd. 

It is believed that most collateral ve.s.sels’ arc. merely' enlarged and elongated 
branches that existed prior to the onset of vascular .disease. Such cases as those 
described indicate that at times new anastomo.ses may develop, however, .since it is 
quite improbable that a branch of an artery normally', empties into the same artery' 
a short distance below' its origin. 

Author. 

Oust, Norman: Symmetrical Peripheral Gangrene Following Scarlet Fever. 31. .1. 

Australia 2: 880, 1937. 

A .single case is presented. A two-y'car-old boy' developed gangrene of both feet 
seventeen days after the on.set of a scarlet fever rash. Tight swelling of the feet and 
lower legs immediately preceded the gangrene and was believed to have cau.«ed the 
gangrene by' pre.ssure. Both feet were icy' cold. A large bruise on the left thigh, 
a bleeding time of .^even minufe.s, and a platelet count of .30,000 wa.s taken as evidencii 
that purpura may have been the cau.se of the .s'wellings. Both lirnb.s w'erc amputated 
just below the knees nearly' three weeks after the onset of gangrene, with no trial of 
inci.sion for relief of pre.?sure. Reexamined a year after his illne.ss he was well and 
free from further purpura. 

^lOt.TGOMUi'jr. 


Iiamhie, G. G., and Morson, S, M,: Acrocyanosis. 31, .1, Au.strali.a 2: 1070, 39.37. 

A single case of acrocyano.sis is presented in detail. Arm.«, legs, and cheeks 
were e.5peeially involved. This case is unusual in that it is of a young woman with 
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disturbances of bodily growth, metabolism, and mental development. Also, seven 
close relations had chilblains of the extremities. The patient’s symptoms were 
coldness and blueness of the exti'emities, aggravated by cold weather, chilblains of 
the lingers which had ulcerated, and of the toes which had not. Considerable relief 
was obtained by proper protection from cold. 

X-ray revealed no evidence of calcification of arteries. Heating the patient 
produced a skin temperature rise to the level found in normal people so treated. 
■Wlien blood flow through a limb wms interrupted by means of a blood pressure 
cuff, and the part warmed, and pressure released (reactive hyperemia, Pickering 
test), the resultant flush occurred nearly as fast as it does in a normal person. 
Xerve block (ulnar) abolished the abnormal vessel reactions, over the area of 
nerve distribution. 

The differentiation of acrocyanosis from Baynaud’s phenomena was made by the 
following findings: the abnormality was constant (nonparoxysmal), there was no 
blancliing or pain, and aU evidence pointed to the fact tliat only the most distal 
vessels (arterioles) were affected. • • 

Montgomery. 

Neurath, ,0.: The Determination of Circulation Time With Magnesium Sulfate. 

Ztschr. f. Klin. Med. 132: 134, 1937. 

The author uses 5 c.c. of 10 per cent solution of magnesium sulfate, which leads 
to a sudden sensation of warmth in the head. No side reactions were noted. The 
metlidd of determining circulation time is the standard one. He found circulation 
times of 11 to 17 seconds in normal persons, 12 to 26 seconds in persons with hyper- 
tension without heart failure, and 13 to 58 seconds in persons with hypertension 
with heart failure. In'-Thyroid disease the circulation time is accelerated. This is 
also true in paroxj'smal tachycardia, except when the heart rate is above the critical 
value when the circulation time is prolonged. Xo difference- was found between 
“right and left heart failure.” 

Katz. 

Heckmann, K.: - The Changes in the Heart’s Position During- Its Pulsation and 

Its Appearance in the Eoentgenkymogram. Portschr. a. d. Geb. d* Eontgen- 

strahlen 55: 319, 1937. 

Many of the waves in the roentgenkymogram are due to position changes in the 
heart. This study is based on a comparison of types of curves obtained in man 
with those in model experiments; and also on observations of mo%’ements of a case 
with pericarditis calculbsa. Double waves are to be explained as due to a combina- 
tion of actual pulsations and changes in the heart ’s position. 

Katz. 


Heckmann, K.: Pulsations in the Pulmonary Vessels and Their Manifestations 
in the Kymogram. Klin. Wchnschr. 16: 733, 1937. 

Pulsations in the region of the pulmonary arterj’ are caused not only by tliis 
vessel, but also by the aorta. In congestion of the lesser circuit, the author finds 
• the trapeze form in the roentgenkymogram, indicating an increased resistance to 
flow peripherally from the pulmonary artery; hence the decrease in the pulse 
occurs later in diastole. Double waves are due to interference between pulmonary 
and aortic pulsations when the two pulses are noticeably asynchronous. The splinter- 
ing of the pulmonary wave occurs also in open ductus Botalli. Tliis last is attributed 
to asynchrony of the pulses transmitted from the right ventricle and tlirough the 
ductus. ■ 


Katz. 
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Afitkkioven’ous Akel'ky.sm. AJ)noriiial CoiiimunicalionK Between tlic Arterial and 
Venous Circulations. By Emile Holman, A.B., B.A. Oxon., M.B. Professor of 
Surgery, Stanford Universit}- iledical Scliool; Surgeon-in-Chief, Lane and Stan- 
ford University Hospitals. Iscw York, 1037, The :^^acInillan Company, Price 
$5.00. 

The experimental arteriovenous fi.stula as produced by the author is described, 
and this is followed by a careful study of the local manifestations as well as the 
effects produced upon the remainder of the circulatory system. The physiologic 
effects upon the circulation following the establishment of a fistula that are con- 
•sidered include: Fall in the blood pre.ssure, increased cardiac contraction, increased 
total blood volume, and increased cardiac output. The reversal of the condition, 
rtz., clo.sure of the fistula, causes the blood pressure to rise again and decreases 
the cardiac contraction, the total blood volume, and the cardiac output. The ex- 
perimental data are comjiared with the clinical observations. In his discussion 
the author has properly pointed out th e effect of_th.e.Jistula_ upon the heart, the in- 
cr ea.sed surf ace temperature beyond tlic_fiKtulaj and the increase in the si ze of th e 
extr emity in the pre.senc e of a fistula. 

Efficiently presented are the clinical examples of arteriovenous fistula, including 
the acquired intracranial arteriovenous aneurysms, intrathoracic arteriovenous com- 
munications, mycotic arteriovenous aneuiysms, and the congenital arteriovenous 
communications of the peripheral vessels. The physiologic changes due to open 
ductus arterio-sus have been elaborated upon following the experimental production 
of interventricular septum defects. 

The physiologic problems are of fundamental importance and may be far-reaching 
Study of these fundamental principles may bring forth an explanation of the 
development of csirdiovascular disease and hypertension. Although arteriovenous 
communications may be rare, as has been pointed out by the author, they afford 
an excellent opportunity for increasing our knowledge of the physiology of the 
mechanisms that control the circulation. 



The American Heart Journal 


Yol-. 15 June, 1938 No. 6 


Original Communications 


CLINICAL STLTDIBS OF GITALIN AND OF DIGITALIS IN THE 
TREATMENT OF AURICULAR FIBRILLATION* 

Hyman Le\^, M.D., and Ernst P. Boas, M.D. 

New York, N. Y. 

T he present study was undertaken to compare clinically the actions 
of digitalis leaf and gitalin.f In 1912 KrafU obtained a new sub- 
stance from a cold water extract of digitalis leaves. The drug which 
he called gitalin was subsequently introduced under the name of 
verodigen. Gitalin (amorphous) is a glucosidal fraction of Digitalis 
purpurea which is extracted from a cold water infusion by means of 
chloroform after the removal of saponins and digitalic acids with 
basic lead acetate. The chloroform extract is concentrated in vacuo 
and the amorphous gitalin precipitated with petroleum ether, and sub- 
sequently dried without heat to constant weight. It occurs as a yel- 
lowish-white amorphous powder which is veiy soluble in chloroform 
and alcohol, and in about 800 parts of cold water. In the dry state 
gitalin (amorphous) is stable, as shown by biologic assays over periods 
of years. The potency is apparently quite uniform and the minimum 
lethal dose by the Hatcher-Brody cat method- is approximate!}^ 0.8 mg. 
per kilogram.^ Straub^ found from his pharmocologic studies that 
, gitalin possesses all the properties common to the digitalis bodies. 
The more important European communications dealing with the ac- 
tions of gitalin are renewed by Mansfeld and Horn." The clinical 
potency of gitalin and of other digitalis bodies does not always cor- 
respond to the biologically determined potency,- hence reports in the 
literature are conflicting. The European studies (both pharmocologic 
and clinical) indicate that 0.8 mg. (%o gi’ain) of gitalin is equivalent 
to 0.1 gi-am of digitalis leaf " Stroud found that the quantity of 
gitalin representing one cat unit biologically (0.8 mg.) did the work 
clinically of 3 cat units (0.3 gm.) of digitalis. Our own studies show 
that the biological cat unit of gitalin (0.8 mg.) is equivalent clinically 

*Received for publication Jan. 28, 1938. 

tThe drugs used in this study -were supplied. by the Rare Chemical Company, 
Nepera Park, New York. 
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to 2 eat units of digitalis (0.2 gui-). In a recent fiiudy'' of urginiu, 
a squill glucoside, a disei’cpancy helween clinical and biologic units 
of the drug was also fomid ; approximately 2 cat units of urginin 
\vere required to obtain the same clinical effects as 1 eat unit of 
digitalis. 

MATERrAE 

Thirty-six amhuhint patients with auricular fibrillation v.-ere ob.seiwed at our 
office for periods of six to thirteen months. Each patient was seen from fifteen 
to twenty times during the study. There were twenty-one women, the majority 
of whom •were liousewives, and fifteen men, nearly all of whom v.ere workers at 
occupations calling for slight to moderate exertion. Twenty-eight patients (78 per 
cent) had chronic rheumatic valvular disease; one (3 per cent) had had a coronarj- 
thrombosis; and one (.3 per cent) had hj-perthyroidism. The remaining six patients 
(IG jier cent), all men, had no evidence of valvular disease, coronary arteriosclerosis, 
hypertliyroidism, or previous Iiypertension. The cause of their cardiac irregularity 
is unknown. For the entire group, the average age at the onset of auricular fibril- 
lation was 41. G years. Auricular fibrillation had cxjstcd, on the average, for 2.G 
years jjrior to the beginning of the study- This figure was greatly lowered hy the 
fact that several patients jiresentcd themselves for the first time at the onset of 
their irregularity. There v/ere eight patients in whom auricular fibrillation h:id 
lasted four or more years; one, seven years; an/1 one, nine year.s. The longest 
period of auricular fibrillation occurred in a man aged G4 years, in vdiom it had 
commenced twenty-one years previously, at the age of 43 years. In him the auricular 
fibrillation is of unknowm ctiologj*. 

At the time of the study, the average age of the patients was 44.2 years. In 
ttventy-eight of the thirty-six patients the blood i/ressure was normal; in eight 
there was some degree of hypertension, ranging from ISO systolic to a maximum of 
190 systolic. The left auricle was enlarged in all cases cxr-Mpt one, as determined 
by fluoroscopy; the enlargement was moderate in nine cases, marked in nineteen 
cases, and extreme in seven cases. 

During the study there was only one death. Progressive dyspne-a, cough, frank 
hemojitysi.s, irregular fever, basal pulmonaiy signs, and increasing .scleral icterus 
suggested that reactivation of the rheumatic process was the imme/liate cause of this 
patient’s progressive heart failure and death. It is of some intere.st that he was 
the only patient whose subjective symptoms, including his cough, which was at times 
jiroductive of blood, were out of proportion to his y/hy.sical findings. These s-yrnp- 
tom.s, very likely due to reinfection, were present for months before the more 
acute terminal illness. The role of reinfection in persons dying with rlieumatic 
heart disease has been stressed in recent years.r 

In twenty-seven patients the maintenance do.ses of both gitalin and of digitalis 
were establi.shed. By “maintenance do.se,’’ we mean the smane.st amount which 
v.'ould keep the patient comfortable and maintain his ventricular rate at approxi- 
mately GS to 88 beats per minute. Each drug was admini.sterc/1 long enough to be 
sure that the minimal dose wa.s constant. Due consideration was given to the dis- 
crepancy between the maximum and the minimum digitalis dosage necessary for 

clinical maintenance.® Tlie heart rate.s were counted either by ‘■tcthorcope or from 
electrocardiographic tracings after the patients had been resting on the examining 
table for at least one minute, and after a preliminary' rest period in the waiting 

room for at least ten minutes. Gitalin was given first in each ca.se. It was dis- 

pensed in t.ablets of 1/80 grain, scored into three erpial parts. After the main- 
tenance dose ha<l been ascertained, which usually required several weeks, the gitalin 
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was replaced by a standard preiniration of digitalis (dried leaves, cacli tablet con- 
taining IV’ grains, i-e., 1 cat nnit). Tlie dose of digitalis was tben adjusted ovei 
a period of several weeks until approximately the same heart rate was obtained. 

RESULTS 

The results are siuninarized in Table I, whieli shows that the clailj’’ 
maintenance close of digitalis was eat nnit in two patients, 1 cat 
unit in ten patients, l^/o cat units in six patients, 2 cat units in eight 
patients, and 3 cat units in tAvo patients. The average for the group 
of tAveiity-eight jjatients to udiom the drug Avas giAmn Avas 1% cat 
units (2% grains). 


Table I 

CO-MPARISOX OF l^lAIXTEXAXCE DOSAfiE OF BkUTALIS ANP OF GiTALIX 




GITALIN — 

DIGITALIS — 

CASES 

DAILY DOSE IN 

AA’EBAGE 

DAI LA' DOSE IN 

AATIRAGE 



GRAINS 

APICAL RATE 

CAT UNITS 

APICAL RATE 

1. 

It. A. 

1 Vise 

78 

IM 

70 

2. 

.T. B. 

%40 

64 

M 

72 

n 

0 . 

lit. B. 

%0 

88 j 

1V> 

SO 

4. 

N.B. 

V 24 O 

72 

1 

74 

0 . 

V.C. 

y]2o 

so 1 

1 

SS 

6. 

I.C. 


80 ! 

.3 

88 

7. 

J. F. 

Vj-io 

72 

M 

08 

8. 

A. F. 

1/120 

72 

1V« 

OS 

9. 

10. 

LG. 

1/1mo 

74 

1 

70 

D. G. 

Moo 

72 

IV’ 

76 

11. 

J.G. 

Mno 

82 

1 


12. 

G. G. 

Moo 

SO 

IV’ 

88 

13. 

F. G. 

Mio 

78 

1 

70 

14. 

H. I. 

Vsn 

so 

2 

SO 

15. 

L.K. 

Moo 

so 

2 

SO 

10. 

R. K. { 

1/80 

84 

2 

SO 


I.K. 

%0 

80 

0 

70 

IS. 

H.L. 

Moo 

72 

1 

74 

19. 

S.P. 

M 20 

78 

1 

j SO 

20. 

S.B. 

Mo 

88 

1 

' so 

21. 

6. il. 

Moo 

82 

2 

so 

22. 

23. 

24. 

25. 

K. S. 

D. S. 

L. S. 
B.S. 

Mo 

i/so 

Mo 1 

Mo 1 

84 

70 

84 

82 

2 

2 

2 

s 

82 

72 

i 86 

84 

26. 

27. 

s.w. 

Y.W. 

1/120 

Mo 

72 

88 

IM 

1 

72 

i 84 

Average 

Mio 


IM 



The daily maintenauee dose of gitalin was found to be 1/240 grain 
111 SIX patients; i/oo grain in four patients, J/oo grain in iiine^patLits 
/loo grain in four patients, i/o grain in nine patients; Un grain in one 
patient, and 1/0 grain in one patient. The average for the group of 
thirty-four patients to wlioiii gitalin Avas administered Avas %io <^Tain. 
Fi-oiii a comparison of these maintenauee doses of the tAvo drugs one 
may conclude that, clinically, i/co grain of gitalin is equivaleut’to 1 
eat of digitalis. This is at vaviauoe with the obsetwattol of 
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Stroud and his associates," who found that gi’ain of gitalin was 
the clinical equivalent of 1 cat luiit of digitalis (approximately 1% 
grains of the powdered leaves). 

Table I shows that grain of gitalin and 1 eat unit of digitalis 
are not equivalent in every ease (e.g., cases 6, 20, 22, 24, 25), but in 
any given case the ratio between the maintenance doses of the two 
drugs remains constant. We determined this by giving a patient first 
one drug, then the other, and then the first one again. We are un- 
able at present to explain the variation in the equivalent doses of the 
two drugs. It maj" depend on differences in absorption, elimination, 
and duration of action. Patients in whom the equivalent doses de- 
paided markedly from the average exhibited some degree of heart 
failure during this whole study. 

An additional complicating factor is the well-known fact that the 
digitalis requirements of different patients vary considerably, irre- 
spective of the particular forun of digitalis that is prescribed. In the 
present series of cases we reviewed the following factors in relation- 
ship to digitalis dosage: The size of the left auricle, the size of the 
left ventricle, previous attacks of heart failure, the degree of neuro- 
cireulatoiy imbalance, degree of heax*t failure present, and body weight. 
The cases are too few in number to allow of statistical deductions, 
but, as far as the figures go, no I’elationship between any of these 
factors and the size of the digitalis dose can be demonstrated. The 
only possible exception is that seven patients who weighed 160 lb. 
or more all required doses of digitalis larger than the average. 

Of the twenty-nine patients who gave a statement relative to pref- 
erence for either gitalin or digitalis, sixteen had no preference, six 
preferred gitalin, and seven preferred digitalis. The reasons for 
preference were not significant; some felt less tired, less dizzy, or less 
choked, on one or the other drug. 

There was close correspondence between gitalin and digitalis in 
their effect upon the E-T segment and T-wave of the electrocardio- 
gram. In eleven patients neither drug in therapeutic doses produced 
T-wave changes. In twelve patients both drugs produced slight T- 
wave changes, in ten patients moderate change.s, and in two patients 
marked changes. There were insignificant discrepancies in only two 
patients. 

Eight patients were studied in an attempt to compare the persist- 
ence of action of the two drugs. The heart rate was used as a meas- 
ure of persistent digitalis effect. Gitalin was discontinued until the 
heart rate rose to 120 beats per minute or until the prior appearance 
of increased dy.spnea, fatigability, distressing palpitation, or weight 
gain. Then digitalis was given, and, when the rate v/as again con- 
trolled, digitalis was withdraum. The cases are too few and the 
results too variable to allow of categorical conclusions, but it is clear 
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tliat tlie gitalin effect lasted at least as long as digitalis, if not a bit 
longer. Haag,® working with pigeons, found persistence of action of 
five to ten days with tinctures of digitalis, and of abont two weeks 
with gitalin. 

Eight patients when first seen bad been taking no digitalis and bad 
rapid ventrienlar rates. Tbe average rate was 138 beats per minute 
at tbe tune of examination. These patients were given large doses 
of gitalin within a few days (average 2% days). At tbe end of this 
period tbe average ventricular rate was 84 beats per minute. Tbe 
average amount of gitalin that effected this slowing was %o grain. 
This, according to our other studies, is ecpiivalent to 14 cat units of 
digitalis. This corresponds to general clinical experience with digitalis 
dosage^® and also agrees with tbe observation by Stroud and bis asso- 
ciates® that clmical improvement and slowing of the ventricular rate 
ui untreated patients with auricular fibrillation are effected by a total 
dosage of %6 to Vio grain of gitalin. Baker and Bloom^^ also found 
that tbe quantity necessary for complete digitalization varies from %o 
to grain. Our results with rapid digitalization give further e-^d- 
dence that %co grain of gitalin is equivalent elmically to 1 cat unit 
of digitalis. 

Luten^® has recently claimed that in patients with auricular fibril- 
lation without heart failure therapeutic doses of digitalis produce no 
slowing of tbe ventricular rate. This statement is at variance with 
our experience. We studied several patients who bad been taking 
no digitalis and showed no cluiieal evidence of heart failure. In all 
of these cases tbe range of tbe ventricular rate was reduced rapidly 
from 118-160 beats per mmute to 76-100 beats per minute by gitalm 
medication. 

Case 1. — E. E., a •woman 46 years of age, with mitral stenosis, mitral insuf- 
ficiency, and aortic insufficiency, had had auricular fibrillation for less than a year. 
She had not tahen digitalis during the two weeks immediately preceding her office 
visit. On examination the lungs were clear, the liver was not enlarged, and there 
was no peripheral edema. The ventricular rate was 140 beats per minute. Fluoro- 
scopic examination showed that there was moderate enlargement of the chambers 
of the heart. 'Within twenty-four hours she was given seven tablets (each 1/80 
grain) of gitalin, and the ventricular rate was slowed to 76 beats per minute. Tliere 
was no subsequent weight loss. 

Case 2. — B., a man 39 years of age, gave no lustory of rheumatic fever, but 
had kno'wn that he had a heart murmur for about twenty years. During these 
twenty years, he had experienced occasionally, and more frequently during the year 
immediately preceding, sudden attacks of palpitation and irregularity of the heart 
beat, lasting about forty-eight hours and ending abruptly. He had taken no 
digitalis for ten years, and had never taken any quinidine. He was examined 
the day after Ms last attack of palpitation. There was slight cyanosis of the lips. 
The Ixmgs were clear. The liver was not enlarged, iluoroscopically there was great 
enlargement of the left auricle and right ventricle and slight enlargement of the 
left ventricle. The first heart sound was sharp and was preceded by a diastolic 
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rumble. Tliere was a diastolic murmur to the left of the sternum. The heart- 
beat was absolutely irregular, and the rate was 13G beats per minute. The blood 
pressure was 120/90. Within three days 1/10 grain of gitalin was given and the 
heart rate dropped from 140 to 70 beats per minute. The dose of gitalin was 
.sharply reduced, but four days later the rate had dropped to 48 beats per minute. 
Except for the slowed apical rate there was absolutely no change in his physical 
findings, and no loss in weight occurred. 

Case .3. — JI. B., male. At the age of -30 years, auricular fibrillation was discov- 
ered. There was no historj- of rheumatic fever or of a murmur. At the age of 
.39 years, when he was first e.xamined at the office, the lungs were clear, and fluoro- 
scopically there was considerable enlargement of the left ventricle. The heart 
sounds were of good quality. There were no murmurs. Auricular fibrillation was 
present, and the ventricular rate was 80 per minute. (ITe had been taking some 
digitalis in the preceding few days.) The blood pircssurc was 138/100. During the 
next five years he worked steadily as a painter. There was slight dyspnea on v.-alk- 
ing seven blocks. He continued to take small amounts of digitalis irregularly. 
Wien examined again, at the age of 44 3 'ears, the lungs were clear and the liver 
was not enlarged. Fluoroscopicalh* there was considerable enlargement of the left 
ventricle and moderate enlargement of the left auricle. The first heart sound was 
of good qualitj'. There were no murmurs. The apical rate varied from 84 to 
100 beats per minute. The blood pressure %vas 125/100. He was given gitalin, and 
his heart rate was maintained between 80 and 90 on 1/80 grain dailj'. The dnig 
was then ndthdrami for twent.v-four days. At the end of this time the apical 
rate had risen to 112 beats per minute, and he noted some increa.se in dj'spnea on 
climbing stairs. On a standard exercise tolerance test his apical rate increased 
from 112 to 122 beats per minute. The circulation time (when the heart rate 
was 112 Licr minute) was 17.5 sec. b.v the decholin mefhod.m. To ph.vsical exam- 
ination his condition was unchanged. The lungs were clear, the liver was not en- 
larged, there was no peripheral edema, and there had been no increase in weight. 
He was then given 2 cat units of digitalis a day for one %veek. At the end of 
this period Ids heart rate was 74 beats per minute. His condition was still un- 
changed, and there had been no weight loss. 

Case 4. — One of us'< reported in a previous communication the case of a woman, 
50 years of age, with Graves' disea.se of two years’ duration. There was sweating, 
tremor of the hands, and progre.ssive weight loss. Irradiation of the tlij-roid gland 
by meaas of radium had been ineffectual. There was considerable enlargement of 
the left ventricle, and auricular fibrillation was pre.sent. The ba.sal metabolic rate 
was -J- 05 per cent. The heart rate was recorded bj- mean.? of the c.,'irdiotachom(!ter 
both before and after digitalization (the j)aticnt received 01 c.c. of the tincture 
of digitalis in sixteen day.e). The re.sting rate before digitalis wms given was 
approximately 110 beats a minute, as compared with 98 per minute after digi- 
talization. There had been no subjective or objective evidence of heart failure 
before digitalization. 

When gitalin tvas ivithdrawn fi-orn several of the piatients the ven- 
tricular rates ro.se from approximately 80 to an average of 112 beats 
per minute; no clinical evidence of heart failure was found at these 
high rates. When digitalis was then admini.stered, the rates were 
again .slowed to the same degree. Of eight case.s, in which with- 
drawal of one or the other drug caused increases in ventricular rate 
without concomitant clinical evidence.s of heart failure, the circulation 
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time was measured in six. botli before and after digitalization, using 
the decbolin method. The results are shown in Table II. In none 
of these six cases was there any significant change in the circulation 
time when the ventricular rate was rapid and the patient was not 
.under the influence of digitalis. OhserTation both of untreated pa- 
tients and of those from Avhom the drug could he withdrawn at will 
indicates that, in many cases at least, the increased ventricular rate 
is not due to heart failure and that it can he readily slowed by appro- 
priate doses of digitalis. These clinical studies do not substantiate 
Luten’s contention that .slowing by digitalis of the ventricular rate 
in auricular fibrillation is effected only when heart failure is present. 

It seems logical at this point to que.stion the value of slowing the 
A’entrieular rate if no heart failure ensues because of the I’apid rate. 
However, patients feel much better with slower rates, notice less 
palpitation on slight or moderate exertion, and do not experience the 
throbbing and violent palpitation on exertion or emotion that oceim 
in those Avith uncontrolled auricular fibrillation. Even at rest the 
uncontrolled rapid rate is distressing and makes patients more heart- 
conscious. 

Table II 


CiRCULATiox Time Studies ix Patients, Digitalized and Undigitalized 



1 D1GIT.ALIZED 

1 UNDIGITALIZED 

PATIENT 

CIRCULATION j 
Pw\TE IN SECONDS! 

APICAL RATE 

CIRCULATION 
RATE IN SECONDS 

APICAL RATE 

R. A. 

18.5 

66 

17.5 

106 

I.G. 

16.5 

60 

15.5 

72 

S.P. 


80 


88 

r. G. 

i 21.0 

86 

22.0 

106 

I. K. 


72 


90 

H.L. 


72 


100 


H. I., male, gave no history of rheumatic fever, but at the age of 45 years 
liis application for life insurance had been rejected because of a murmur. At the 
age of 50 he had had an attack of palpitation with rapid heart rate, lasting three 
da^'s. When he was examined a week after this attack, auricular fibrillation was 
present, and the ventricular rate was 160 beats per minute. There was extreme 
enlargement of tlie left auricle and both ventricles. The blood pressure was 125/100. 
The lungs were clear and the liver not enlarged. Unusually large doses of gitalin, 
administered over a period of weeks, were required to reduce his heart rate to a 
range of 72 to S4 beats per minute. He had been afebrile. His basal metabolic 
rate was -15 per cent. The sedimentation time of the red blood cells was over 
one hour for IS mm. Once controlled, he was maintained adequately on 1/80 
gram of gitalin, and subsequently on 2 cat units of digitalis. Wlien he was digi- 
talized, he experienced no racing of the heart on exertion. He was able to walk 
considerably more, and stair climbing induced less dyspnea; yet he exhibited no 
manifest heart failure when his ventricular rate was rapid. 

In patients Avith auricular fibrillation but Avitliout heart failure tlie 
uncontrolled rapid irregular rate acts as a mechanical embarrassment 
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to an already damaged heart. Rapid rate.s, I'Cgular or in egulai, maj 
l)i'oduce no symptoms when the mj’'Ocardiura. i.s normal, hut persistent 
rapid rates are injurious to diseased hearts. Enlarged hearts, in par- 
ticular, are more likely to fail when their beating is persistently 
rapid.^^ Even in patients with auricular fibrillation whose ventricu- 
lar rates are relatively slow when they are at rest, it i.s best to ad- 
minister small doses of digitalis, because exertion then provokes less 
discomfort, palpitation, and acceleration of the heart rate. 

TOXIC RHVCTIONS 

Overdosage with gitalin pi’oduees toxic effects similar to those pro- 
duced by overdosage with whole leaf digitalis preparations.^' Toxic 
reactions and untoward effects during digitalis administration are 
singularly few when the drug is used with care. On only a very few 
occasions in the present .study were mild toxic symptoms encountered 
with either drug — ^nausea in a few i^atients and extra sy. stoles in two 
Xiatients. Even in the group in which large doses of gitalin were 
admini-stered to effect rapid slowing of the ventricular rate, no toxic 
.sjunptoms were encountered. In using either drug, one must con- 
stantlj’’ keep in mind the great individual variations in maintenance 
dosage, and ascertain by experiment the proper amount for each pa- 
tient. Dosage according to body weight serves as a rough guide in 
treating the acutely ill, but it is unreliable when the drug must be 
given for long periods of time. On very rare occasions, digitalis can- 
not be taken by mouth. Rectal administration is often effieaciou.s in 
such eases. Digitalis products may be di.spensed in colored capsules 
for patients who have developed an aversion to the use of green digi- 
talis tablets. In such cases, too, the administration of a white digitalis 
preparation, .such as gitalin, is equally effective. 

SUMMARY 

A comparative study of the actions of gitalin and digitalis was made 
in thirty-six ambulant patients with auricular fibrillation. 

Gitalin acts like digitalis in .slowing the ventricular rate and reliev- 
ing congestive heart failure in patients vrith auricular fibrillation. 

Gitalin parallels digitalis in its effect on the R-T transition and T- 
waves of the eleetroeardiograra. 

Gitalin has a persistence of action at least as long as digitalis. 

Rapid administration of gitalin in eight patients produced prompt 
and effective .slowing of venti'ieular rates and clinical improvement 
without the development of toxic sj'mptoras. 

The average daily maintenance dose of gitalin v/as grain; of 
digitali.s, 2^/1 grains, or 1% cat units. 

Clinically, ^co grain of gitalin is equivalent to 1 eat unit of digi- 
talis leaves. 
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Tlie daily maintenanee dosages of both drugs show considerable 
yariations in different individuals. 

Toxic reactions to gitalin are tlie same as to digitalis. They are 
neither more nor less frequent. AVith careful administration they 
should be rare with either drug. 

Oui’ studies indicate that digitalis can slow ventricular rates in 
auricular fibrillation in the absence of heart failure, which is contrary 
to the contention that slowing of the ventricular rate in auricular 
fibrillation is effected by digitalis only in the presence of heart failure. 
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ANGINA PECTORIS AND MYOCARDIAL INFARCTION AS 
COMPLICATIONS OF MYXEDEMA 

With Especial Referenxe to the Danger of Trea'J’Mknt With 
Thyroid Preparations^' 

Charley J. Smyth, M.D. 

Ann Arbor, Mich. 

M YXEDEI^IA complicated by angina pectoris lias been observed fre- 
quently, but a fatal outcome re.sulting from myocardial infarction 
during treatment with th.yroid is rare. As far as could be determined 
onlj^ eight such cases have been reported, and in only five of these was the 
diagnosis confirmed at autop.sjL The purpose of this communication is 
to review these previously reported eases and to record one additional 
ease. 

Numerous observers (Christian,* Sturgis,^ Sturgis and Whiting,’ 
Fahr,'' Abrami and co-workers,’’' and Gordon*) have warned of the dan- 
gers encountered in the use of desiccated thyroid gland in the treatment 
of patients with myxedema, especially when cardiac sjnnptoms are pres- 
ent. Because of the widespread use of this substance in mild h;^’7)othy- 
roid states and the recent production of artificial myxedema as a mode of 
treatment in myocardial failure and angina pectoris (Blumgart, Levine, 
and BerliiP), it seems timely to re-emphasize the need for caution in 
the administration of this drug and to strc.ss the importance of watching 
for signs of cardiac failure when it is used. 


review of the IJTERA'I’URE 


The oecuri'ence of cardiac pain in myxedema was first reported by 
ITei'tf.ghcv' in 1914; he atti'ibuled it to a myxedematous change in the 
nerve cells of the connective ti.ssue of the heart. Zondek,’" who intro- 
duced the term “myxedema heart,’’ mentioned pain in myxedema but 
gave no details concerning its type or distribution. In 1924, Laubry, 
ilussio-Fournier and Walser” reported the fir.st ease of true angina 
pectoris a.ssoeiated with my.xedema. Tliey thought that arteriosclerosis 
played a part in the production of the pain but that it was largeL'’ 
functional in origin. The first American account of this complication 
was publi.shed by Ohri.stian’ in July, 192.5. The patient was a woman, 
oO jears of age, vith severe con.stricting pain in the chest, of one year’s 
duiation, vliich liad the typical radiation of angina pectori.s. The ba.sal 
metabolic rate was -32 per cent. After taking 0.52 gm. of thyxoid daily 
foi^ir days she developed circulatory failure. There was temporary 
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recovery following rediictioii of the dose to 0.13 gm. daily, but later she 
went into shock and died of coronary occlusion sixteen days after the 
treatment was instituted. This ease is particularly interesting because 
it closely parallels the one reported herein. 

Falir,i 2 reported the first eases of myxedema heart in this country, 
foimd one man, 49 years of age, who had occasional attacks of preeordial 
pain on exertion. This symptom disappeared after five months’ treat- 
ment witli desiccated thyroid. Since that time other observers have 
noted the improvement or disappearance of angina following th^Toid 
therapy (Chapman, Higgens,!-* Ziskini--). Gordon,' on the other 
hand, had one patient, a woman 62 years of age, who developed angina 
following the injection of 10 mg. of thju’oxin. He also observed a man 
who developed precordial pain which radiated down both arms while 
under treatment for hypothyroidism with 0.32 gm. of desiccated thyroid 
gland daily. 

The difficulty of treating a patient avIio has both myxedema and heart 
disease has frequent^ been observed. Escimilla’^ reports a case of 
raj'xedema illustrating this problem. The patient had had chest pain 
for three years. A dose of 0.065 gm. of desiccated thyroid was not tol- 
erated because of angina, and therefore the dose was gradually reduced 
to 0.015 gm. once per week, but even with this small amount some lo- 
calized pain over the heart continued. 

Little attention has been paid to the a.ssociation of angina or npvo- 
cardial infarction with myxedema. In 1925, Willius and Haines,^' in a 
report of 162 eases of high-grade myxedema, observed only one patient 
with angina. The following year. Means, White, and Krantz,’® in re- 
viewing 48 cases of myxedema, found one patient who developed twinges 
of pain following the use of thyroid in doses of 0.12 gm. per day. One 
of Lerman, Means and Clark’s'” 18 patients with m;^ocedema suffered 
from angina before thyroid medication was started and died at home, 
probably of. coronary occlusion. In the following series of cases of 
myxedema there is no mention of cardiac disease: Case-” (58 cases), 
Lawrence and Rowe^'i (120 case.s), Riecker^^ (64 cases). All accounts of 
either angina pectoris or coronary occlusion complicating m^vxedema aie 
isolated instances and so give no indication of the incidence of this com- 
bination of diseases. 

Wegelin^® and Ohler and AbramsoiF"* have called attention to the fact 
that little autopsy material is available for the study of myxedema. The 
following are summaries of all of the cases of myxedema and nn ocardial 
infarction due to coronary occlusion in the American literature. 


Case 1 -Christian, i in 1925, and Sturgis and Wiiiting,--* in 392(i, reported a ease 
of n,vxed<;n,a and angina pectoris in a ^vonum 50 years old. Her treatment eons.sded 
d £ 0.1.3 gm. of dried thyroid gland three time.s a day for two days, then O.I., „m 
tour times a day for two days. The drug was discontinued when 
jyanosis, a feeble pulse, and other signs of acute cardiac failure. Eecoverj fob 
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iov.p.i. M,! on the sixtoonXh hospitnl day treatment rvas resumed wMli 0.0., gm. of tliy- 
reni llir.-e liuK'S a day. hut death occurred forty-eight hours later. Autop.sy showed 
c.'wonary atlierosclcrosis. cardiac infarction, hypertrophy and dilatation of tlie heart, 
ntiojihv and Jihro.ds of the thyroid gland, and generalized athero-sclerosi.s. 


Case 2.— Fahr,-! in ]0R2, reported a c,a.<=e in a woman aged 40 years wlio gave 
a history of hoar.H'ne^, slowness of speech, .sluggi.sline.ss, lo.«s of memory, depres- 
.<^ion, dn-iie.-s of the skin, and coldness of the hands and feet, all of two years’ 
di}r--!:jori. Hijc had had several attacks of .‘-evere precordial pain which usually came 
on after exertion anfl was relieved hy rest. The basal metabolic rate vas -2.0 per 
eenl. FliC was advised to take 0.00.5 gm. of thyroid extract twice a day. Six days 
later she returned extremely nervous and apprehensive, .saying that she had taken very 
little of the drug. .She luad experienced one attack of angina which was not re- 
lieved hv morphine. In the hospital .she received 0.13 gm. of dc.siccatcd thyroid daily. 
Another attack occurred on tlie eleventh ho.spital day, and thereafter, until her 
deatli three nionihs later, angina occurred every day. Autopsy was limited to the 
lic'irt, wijifth weighed 475 gm. and .“^howed almost complete occlusion of the left 
descending branch of tlie coronary artery with a fresh thrombus in its lumen. The 
otiier tv.’o branchc.s were narrowed. There was necro.sis of the heart muscle, in- 
dicating that the accident must have occurred a few days before death. 


O-t-SC 5. — ^Icaris and Lerraan,2s in TjSv, gave an account of a homseudfe, 52 
yer-.ra of age, who for two or three years prior to entry had slowly been developing 
symptom® charaeieristic of rnjxedcma. Her basal metabolic rate was reported to 
ho loir. Thyroid iias tnkeri in full doses (0.3 gm. tablets, one and one-half tablets 
the first day, f.vo tablets the second day, tiro and one-half the tliird day, and three 
tablet.® per day thereafter), whereupon she developed massive edema of the ex- 
tremities, .swelling of the abdomen, marked dy.®pnea and orthopnea, and some pre- 
cordial aching. Both she and her doctor were sure that the thyroid iiroduccd these 
.symptom,®, and it was therefore discontinued. On admi.ssion, examination revealed 
sign.® of myxedema and cardiac failure. The ba.sal metabolic rate wa.s normal because 
of the thyroid that she had received. It was thought that she had heart disease, 
jcohably rltcumatic, with mitral regurgitation. On full dose.® of digitalis the cardiac 
.®ymptom.s improved, and tlie hri.sal metabolic rate fell to -32 per cent, She was di.s- 
chargT.d. and returned four month.® later with fully developed myxedema but no 
.'-ign.s of decompen.=rition. Tliyroid wa.s admini.®tered in doses of 0,0.52 gm.; it was 
»cdi tolerated and relieved the myxedematou.s m.anife.stations. The third admis.sion 
was because of recurrence of the drop.sy, Tlie patient died very' suddenly, Autop.sy 
.'■hovved that tlie thyroid wa.s atrophic. The heart weighed COO gm. The right 
le.ntriclc v,as dilated and h;,7)ftrlrophied. The changes in the mitral valve were such 
as to pro luce regurgit.ation but not stenosis. Both coronary arteries showed Ic.sion.s. 
In the left there wore calcification and fibrosis; the lumen was reduced to about 
one-half of it.® norrn.al caliber ami at one point was narrowed still further by a fre.Hli 
rod Ihrombn.®. dim right r-oronary showed narrowing and thickening hut no cal- 
cific.-ninn. If wa.s thought that the immediate cau.®e of death was a fre.sh coronary 
(.'■elusion and that the myxedema, by diminishing the work of the heart, probably 
i-oMponcd death rnthcr than hastened' it. 


- 1 . tijggen.®,!* in 10.50. reported a case in a rvoraan, 53 years of age, who was 
.icrnit.cfi compinining of wefilmcr.®, Jrlie wa.s mentally sluggi.sh and had a dry skin, 
rhf hrts.il ini'Uifi'ith: rate way -‘/s ppj. There was complete remission of syrnp- 

{O...S .ifter thyroid therapy. Her la.st illrie,®?. followed a two inoiitli.s’ interruption 
o. tr- itniCTit. b1:e with sign.® of cardiac failure. Improvement followed 

tr!,.itj.e»nt nith thyroid, bat wliile .®till in Ired the developed precordial pain wliicTi was 
j.Oilo .1 ..-il later by .®ymptom.= of coronary occlusion. Autopsy showed that the heart 



SMYTH: MYXEDEMA AND ANGINA PECTORIS 655 

^Yas somewhat hj'pertrophied, that all of the coronaries were much thickened, and that 
the left ventricular wall was very thin and composed of fibrous tissue. Microscopi- 
cally the myocardial changes were such as are commonly found in patients with 
coronary atherosclerosis. 

Case 5. — In the same paper Higgens^-i gives an account of a woman, 55 years of 
age, who complained of weakness and swelling of the extremities. With the excep- 
tion of the basal metabolic rate, wliich was -33 per cent, the examination was nega- 
tive, Her sATuptoms disappeared under thyroid therapj*. Four months before her 
second admission to the ho.spital she suffered an attack typical of coronary occlusion, 
from which she made a slow but satisfactory recovery. The symptoms at the time of 
her second admission were dyspnea, swelling of the legs, and weakness. Examination 
revealed enlargement of the liver, wliich extended a hand’s breadth below the costal 
border, and signs of fiiuid at the bases of both lungs. Her death was apparently 
caused by progressive coronarj’ disease. Autopsy revealed extremely sclerotic 
coronaries, with reduction of their lumina to pin-point size. The apical half of the 
left ventricular m3'0cardium was almost completelj’ replaced by fibrous tissue, which 
was about one-eighth of an inch thick at the apex. 

In. addition to these five eases of myxedema and myocardial infarction 
in ndiich autopsies were performed, clinical reports of three cases of 
myxedema in which sudden death followed thyroid therapy have been 
published. 

Graves,2G in 1927, treated a woman 54 years of age who had sjTnptoms of mjTC- 
edema and a basal metabolic rate of -40 per cent. After taking 1 gm. of desic- 
cated th}*roid dailj' for three days she developed symptoms of coronarj’’ occlusion 
and died. Lerman, hleans, and Clarkio observed a man, 55 years of age, with ang.'na 
pectoris and a basal metabolic rate of -29 per cent. The electrocardiogram showed 
bundle branch block. Although the authors made no statement regarding therapj', 
it may be assumed that the patient was treated with th\-roid. A j'car later he died 
suddenljr at home, probablj* of coronaiy occlusion. Older and Abramson’s case^-* 
was that of a man, 30 years of age, who, had a basal metabolic rate of -21 per cent 
and edema of the lower extremities. He received 0.972 gm. of desiccated thyroid 
dailj', and the edema disappeared; but four daj-s after he was discharged from the 
hospital, he suddenly complained of severe pain in the left shoulder, dropped to the 
floor, and died half an hour later. The authors were of the opinion that his death was 
due to coronary occlusion, and that the latter was at least partly the result of ex- 
cessive doses of thyroid. 

Tlie following is an additional ease of myxedema and angina pectoris. 
Tlie patient died of myocardial infarction on the eigbtli day of treatment 
vvitli desiccated tbjwoid. 


REPORT OP CASE 

m^tory.—'L. C., a woman 63 j-ears of age, was admitted to the jMedical Service 
of the University of Micliigan Hospital March S, 1937, complaining of fatigabilitv 
listlessness, and pain in the upper right quadrant of the abdomen and around the 
heart. The abdominal pain had been periodic and colicly, and radiated along the 
right costal margin to the right scapula. Jaundice had been noted with some of the 
attacks. Five years earlier she had begun to notice that she was becoming sluggish 
and was articulating with difficulty and that her hair seemed dr}', her voice husky 
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aii'l lior face and eyelid;' piilTy. At lU:il tiiae .'■he was told that she would have to 
tahe thyroid the reinaiader of her life. Treatment helped her, hut she had taken 
no thyroid for two year.-' prior to admis.sion, and not only hud all of her original 
symptoms returned, hut, in addition, .she had developed retro.stcrnal pain, attended 
with a sense of weight on the che.st, n-hieh was brought on by exertion and at times 
radiated down both arms. Ke.st and nitroglycerin had given immediate relief. 




Fig. 1 . — Aj before treatment. B, d.ay of death. 



Fig-. 2, — Jloderate genc-ralize'l cardiac cnlargetrient. 


I'liUMcal Kxcjrmtation . — The jmtient appeared to be chronically, but not acuteh', 
ill. Her .‘•peecli, motions, ;ind rci'pon.'-e to rpie.'-fion'' were slow. The .skin was pale, 
dry, and scaly. The hair on the arms, in the axillae, over the piibe.s, .and in the 
eyebroa-.s was .''canty. Her fa'-e v,a.« oval, her eyidids puffy, and her lips thick, Tiie 
heart was enlarged, with the left border of duilne.ss 1 1 cm. to the left of the mid- 
.>-tcrii!iI line. The blomi jires.sure w;is iOH/hO. 

Lfthoratoru hraminnlion . — The blood Kahn neiction was nogatir'e. The urine wa.s 
normal. The hemoglobin wa.'-- 57 per cent (Eahli;; the erythrocyte.- nurnls'red 
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200, OOP, aiid tlie leucocytes 6,800 per cubic millimeter. The differential leucocyte 
co^^ was normal. There were 540 mg. of cholesterol per 100 c.c. of blood. On two 
the basal metabolic rate was -41 per cent, and -37 per cent, respectivelj'. 
;,:The/^ectroeardiogram before treatment was started (Fig, lA) showed a lieart rate 
.‘Pf, ;62 per minute, with very small complexes and inverted T-waves in Lead I. A 
-tfacing taken six or eight hours before death (Fig. 115), when the heart rate Avas 111 
./-■per minute, showed A’ery Ijizarre QRS complexes in Lead I and fairly large, notched, 
. .upright QBS waves in Leads II and III. The QBS interval was slightly prolonged 
; v (Prli-Sec;). The curve suggested partial right bundle branch block. Eoentgenologic 
•examination of the chest revealed moderate enlargement of all four chamber’s of the 
- heart (Pig. 2). Measurements of the frontal plane area and transverse diameter of 
the heart by.means of the orthodiagram and teleoroentgenogram agreed closely. 'Wlien 
compared rvitlr the Eyster-P. 0. Hodges tables, it was found that in the orthodragram 
the frontal plane area was increased by 34 per cent, and the transverse diameter 
.b.y.;2C per cehtj and that in the teleoroentgenogram the former was increased by 38 
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Fig. 3 Largest nodule found in the thyroid gland. 

per cent, and the latter by 23 per cent (a variation of 12 per cent above or below 
the calculated average is not considered abnormal). 

Course m Hospital.— During the first few days the patient 's temperature was sub- 
normal. She was ambulatory and comfortable. On the second hospital day slie re- 
■ ceived 0.12 gm. of desiccated thyroid, and 0.26 gra. daily for four days thereafter. 
Two daj'S after treatment began she noticed a feeling of increased warmth, her tem- 
perature returned to normal, and slie felt much better. On the third day the patient 
experienced typical anginal pain Avliich was relieved by nitroglycerin. The two sub- 
sequent, days were marked by an increase in the frequency and severity of the 
an^nal attacks. The dose was then reduced to 0.065 gm. per day, and the drug was 
discontinued on the seventli day, after a total of 1.5 grams liad been given. On the 
morning of the eightli day after the institution of thjToid tlierapy the precordial 
-pain became constant and Avas not relieved by nitroglycerin or codeine and only 
klighily by morphine. The patient developed nausea, vomiting, cyanosi.s and extreme 
dyspneV; '^'cr .pulse became imperceptible; her blood pressure fell so low that it 
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could not be measured; and rales appeared throughout both lungs. She died in 
the evening of the same day, fifteen days after admission. 

Autopay. — The thvToid .shovred diffu.se atrophy tvith marked lymphocytic in- 
filtration. The large.st nodule in the thyroid gland i.s shown in Fig. 3. The heart 
weighed 190 gm.: its wall.s were soft and flabby. The coronary arteries were 
narrowed bv extensive athero.sclerosis and calcification. In the anterior and posterior 
branches of the left coronary there wa.« a progrcs.sive narrowing as the apex was 
approached. There v.'cre both old and recent myocardial infarcts. One of the most 
recent was of large size, wa.s surrounded l)y an active leucocytic infiltration, and 
appeared to be three or four days old (Fig. 4). No thrombosi.s or embolism was 
found. Jilassive pulmonary edema was present. 7’he aorta showed atherosclerosis. 
It i.s of interest in view of the history of pain in the upper right quadrant which 
radiated to the .scapula that there was no evidenra; of chronic cholecystiti.s. 



Fif,'. i . — Area of myocardial infarction showingr necrosLs and leucocytic infiltration. 


DISCTJftSION 

2sarrotving of the coronaiy arteries was found in our case and in all 
other reported ea.ses in whieh an autopsy was performed. Bournville^' 
and Fi.shberg-’' liave produced evidence that there i.s a liigh incidence of 
arteriosclerosis in myxedema. The experiments of von Eisel.sherg*® on 
•slieep and gotils and of Sliapiro'’’ on rabbits .showed that th\Toideetomy 
predi-spo.se.s to athero.selero.sis. This may he I’claled in some Vi'av to 
hyjioreholeslerolemia, which i.s constant in myxedema, and k regarded 
by some as a valuable index of thyroid underactivity. Our patient’s 
blood cholesterol level wa.s high (545 mg. per 300 e.c.). 

At iircsont we have no tvay of judging how frequently patients with 
myxedema develop myocardial infarction, or whether the occurrence of 
angina peetorLs and arteriosclerosis is more common in these patients 
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than ill others of the same age. WJieii the 108 proved cases of myx- 
edema^' which were seen in the University of aiichigan Hospital between 
January, 1930, and March, 1937, were reviewed, it was found that an- 
gina pectoris had been present in tivo. The case reported herein is the 
only one of this series in wliieh (1) the clinical diagnosis of myxedema 
was confirmed by metabolic studies and (2) an autopsi* was performed. 
During this period of six j^ears and two months the incidence of myx- 
edema was 1 to 1313. 

It has. recently been shown Hint the administration of thyroid increases 
the blood velocity and the minute output of the heart; thus the myo- 
cardium must be supplied villi more blood, and therefore it is reasonable 
to suppose that in our patient the narrowed coronary arteries wez’e in- 
adequate. As a result of this, it could be assumed that a localized area 
of necrosis of the myocardium developed. The acute cardiac failure 
was not associated witli coronary thrombosis, and in only tivo of the five 
reported eases in wliich an autopsy was performed was thrombosis dem- 
onstrated. 

It may be argued tliat in this case and in tliose previously reported, 
in all of whieli advanced atherosclerosis of the eoronaiy arteries and an- 
gina pectoris were present, myocardial infarction might have developed 
liad no thyroid substance been given at all. As Davis®^ has aptly said, 
“One does not have to have inj^cedema to die of coronary thrombosis.” 
It may well be that vhat we have observed is merely a coincidence, but 
it is nevertheless apparent that the number of reported cases of death 
from myocardial insufficiency in patients with untreated myxedema is 
remarkably small. Perhaps as the number of autopsies in eases of 
mirxedema increases and more careful follow-up studies are reported, 
the frequency of this combination of diseases will be found to be signifi- 
cantly higher than our present records would indicate. At present we 
may conclude that a fatal outcome during active treatment is sufficiently 
common to .justify repetition of the warning against the indiscriminate 
use of thyroid gland products, especially when the patient has retro- 
sternal pain or other possible signs of heart disease. 


SUMMARY 


- 1. A review of the literature dealing with ni^-xedema complicated by 
angina pectoris and myocardial infarction disclosed five cases in vliich 
autopsy showed that death was caused by acute coronary failure. These 
cases are summarized. 

2. One case of myxedema and angina pectoris in which mjmeardial in- 
farction developed during treatment with tlm’oid sulistance is reported. 

3. Before giving thyroid gland products, a careful estimate of the 
cardiovascular status is necessary. 


were 11 additional cases in which either the clinical manifestations were 
lot whl marhed, or the clinical diagnosis was not substantiated b.v measurement 
if the basal metabolic rate. 
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INCIDENCE AND TYPE OP HEART DISEASE IN 
SAN FRANCISCO SCHOOL CHILDRBN^^ 

John J. Sampson, M.D., Amos Christie, M.D., 

AND J. C. Geiger, M.D. 

San Francisco, Caetf, 

P’OR the purpose of determiiiino: the ineicleiice and type of heart 
disease in San Praneiseo school children, we have analyzed (1) the 
records of the Cardiac Diag-nostic Center of the San Francisco De- 
partment of Public Health and (2) data obtained from study of a 
sample of the San Francisco school population. 

STUDY OF TYPES OF HEART DISEASE 
OBSERVED AT THE CARDIAC DIAGNOSTIC CENTER 

The present analysis of data obtained in the Cardiac Diagnostic 
Center covers a three-.year period and makes use of the facilities 
described in Richter ^s report.^ In that report it was explained that 
all school children are examined routinely by trained pediatricians 
of the San Francisco Deiiartment of Public Health. All cardiac sus- 
pects are referred either to their own physicians or to the Cardiac 
Diag-nostic Center, whieli is administered by the Department of Public 
Health. 

Roentgenog-raphic, fluoroscoiiic, and electrocardiographic facilities 
are available. Regular follow-up investigations are made by members 
of the school nursing department, and these assist materiall}’ in ulti- 
mately obtaining accurate diagnose.s. All cardiac disease suspects are 
examined by statf members on at least two visits, and many of the 
children included in our series were examined at six-month intervals 
throughout the three-year period. The criteria for diagnosis are those 
established by the American Heart A.ssociation.t 

Statistical data are used in this study because, until rheumatic fever 
and its manifestations are made reportable, they afford the most sat- 
isfactory index of morbidity rates. 

Table I is composite, showing the number of examinations made 
during each of the three years in the San Francisco schools and in 
preschool and well-baby conferences. Murmur.s, fainting attacks, 
pulse irregularities, tachycardia, and hypertension are some of the 
s^nnptoms for which these children are referred. 

Table I also presents the diagnoses made by members of the staff 
of the Cardiac Diagnostic Center. It should be noted that although 
the number of children referred decreased over the three-year period, 

*From the San Francisco Department of Public Health, and the Departments of 
Medicine and of Pediatrics of the University of Califoraia Medical School. 

Received for publication Jan. 7, 193S. 

fThe San Francisco Cardiac Diagnostic Center is amiiated with the American 
Heart Association. 
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the Children's Heart Clinic of the University of California (38.3 per 
cent) is lower than that in tlie two other series. This is iindonbtedly 
due. to the fact that a large number of the patients followed in this 
clinic are referred from the Pediatric Service of the University of 
California Hospital, where tliey have been observed during and after 
attacks of acute rheumatic fever. It is significant that in this group 
congenital heart disease constituted 38 per cent of the organic lesions. 

Another probable exiilanation of the fact that the incidence of con- 
genital cardiac disease in the patients examined at the Cardiac Diag- 
nostic Center was higher than in those at the Children’s Clinic of the 
University of California is that the former were, on an average, 
younger than tlie latter. For the same reason, in the study of a more 
representative cross section of the entire school population reported 
in tlie second portion of this paper, the figures obtained agree closely 
with those from the Children’s Clinic of the University of California, 
but not with those from the Cardiac Diagnostic Center (Table III). 
The distribution by age groups illustrating this changing differential 
is presented later in Table VI and is likewise clearly shown in the 
integral graphic chart of heart disease based on a survey of the entire 
city by Geiger, Sampson, Miller, and Gray- (Fig. 1). 

As Eastern authorities report that the incidence of congenital 
heart disease is 10 to 20 per cent of the organic lesions in their school 
populations, the high incidence of congenital cardiac disease in all 
three of the series .shown in Table II gives evidence that there is a 
significant difference in the types of heart disease found in the eastern 
and western sections of the United States, provided similar diagnostic 
methods have been used in both regions. At the time our study was 
being made, we recognized this geographic discrepancy in incidence 
and therefore included in the congenital heart disease group only those 
cases ill which the diagnosis was beyond question. 

If we grant that congenital heart disease is due to a defect in germ 
pla.sm, there is no valid reason why it should occur more frequently 
in San Francisco than in any other locality. Since two observers work- 
ing in three different clinics have noted an amazingly high percentage 
of congenital heart lesions in the groups of patients with organic heart 
disease, it seems logical to conclude that the incidence of rheumatic 
heart disease in this region is correspondingly low. 

STUDY OP INCIDENCE FROIU SAjrPLlHG OF POPUEATIOH 

In the investigation of the group of cases reviewed above, no accu- 
rate estimate could be made of the actual incidence of cardiac disease 
in this particular unit of child poinilation. This was due to the fact 
that it was impossible to determine how many of the school children 
with heart disease had been referred to the Cardiac Diagnostic Center 
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for .study. Fifty per cent Avas considered a reasonable estimate both 
by Richter and ourselves (see footnote 2, Table YII). 

The follOAving study of a sample of population was made chiefly for 
the purpose of eliminating error in e.stimating the incidence of heart 
disease in the total population. 

Following the method of sampling used by Cahan^ and others, 295 
children in 30 of the 135 San Francisco schools, including one “health 
.school” for handicapped children, were examined personally by one 
of the authors (Sampson). The total school population in San Fran- 
cisco at the time of this study was 87,324. The 295 children examined 
had been selected by trained pediatricians during routine complete 
physical examinations of 18,607 children, i.e., the total number of 
pupils registered in the .30 schools. For various reasons, the incidence 
in 4 of the schools, including the health school, could not be accurately 
determined. Therefore, further selection was inade of 197 children 
from the 13,338 pupils registered in 26 schools; this series represented, 
with po.ssibly I'are exceptions, all of the .suspected cases of heart dis- 
ease in this groTip, 

While many of the children in the group had been examined in the 
School Cardiac Diagnostic Center in the Department of Public Health 
Building, or by pilvate physicians, there wo'e many others who liad 
never been examined except in the school building during class hours. 
It is recognized that the po.ssibility of error in diagnosis in difSeult 
cases is greater when only the ordinary means of phy.sical examina- 
tion are used than when the roentgen ray and the electrocardiograph 
may also be employed. Furthermore, erroj'S are likely to occur in all 
statistical analyses of groups of eases diagnosed without confirmation 
by autop.sj', and the data mu.st therefore be evaluated accordingly. 

In our opinion, the figures on incidence, given in Table HI, among 
the 197 children from 26 schools, are based on reasonably accurate 
diagnoses. These figures therefore represent at least a minimal esti- 
mate of the percentage of cardiac patients in the total school popula- 
tion. The individuals were students in the primary, intermediate, and 
high school grades, and ranged in age from 6 to 18 years. The inci- 
dence of 07'ganie heart disease in this group was 13 cases per thousand. 


Table III 
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The 295 cases of possible cardiac disease among 18,607 school chil- 
dren, which are analyzed in Table IV, include the group of children 
in the health school where a high percentage of the pupils registered 
are cardiac patients who have, for this reason, been selected for place- 
ment in this school. Such a concentration of cases does not affect the 
study of relative incidence of types of organic disease in this scries 
of cases, but it does increase the apparent incidence of heart disease 
in the school population as a whole. 

Table IV shows the comparative frequency of congenital and rheu- 
matic heart disease, hypertension, and potential rheumatic and doubt- 
ful cardiac disease in various age groups. With the exception of two 
indhiduals, the gi-oups covered inclusively the ages of 6 to 9, 10 to 12, 
13 to 15, and 16 to 18 years. One child in the series was 5 years of 
age, and another 19 years of age. 

Table V represents an attempt to analyze the nature of our sampling 
of school population. It will be noticed that in the group of heart 
disease suspects there were more children between 10 and 15 years, 
and fewer between 6 and 9 years than in the standard population for 
these age periods. The question arises as to whether this concentra- 
tion of cases in a certain age period may introduce an en-or in our 
e.stimate of the number of cases of organic heart disease occurring 
in the various age groups (Table IV). 

Table V 

COMPABTSOK OP Aor. DiSTBincTioK OF 29.0 Cabdiac Di.sf.ase Suspects Examixeb 
tViTU Age Distkibutiox of Total Popul.\tiok js Bimu.au Age Gkoups 


AGE DLSTBIBUTIOX OF SAX E.STISIATE OF SELECTIVE AGE m.STIilEUTlOX IK 

FRAKCISCO POPELATIOK age GKOLTS by IXTEE- .SEP.1ES OF 295 CASES 

BY IIE-AIIDECABES U..S. POLATIOK FBOJI U.S. STUDIED IK THE SAK 


CEKSUS 

19,S0 

CEKSUS 

FIGUr.ES 

FI'.AKCISCO 

GP.OUP 

9 yr. 

5.9.5%* 

0- 9 vr. 

29% t 

0- 9 yr. 

17.5%>t 

10-14 Vr. 

.5.08% 

10-12 yr. 

21% 

10-12 yr. 

28.8% 

14-19 yr. 

0.09% 

1.5-15 vr. 
10-18 vr. 

2.5% 

25% 

12-15 yr. 
10-18 vr. 

19 yr. 

28.4% 

25.0% 

0.3% 


•Por cent of toUil population. 
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Certain considerations lead to the belief that this disagreement in 
distribution of population does not influence materiallj^ the eonclu.sions 
that may be drawn from the data presented in Table III. The inci- 
dence in our survey of organic lieart disease occurring in children 
from the ages of 10 to 15 years agrees with estimafes in other .survey.s, 
7'he common occurrence of “funelional” murmurs between the ages 
of 6 and 9 years would account for the selection of a relatively large 
number of children of this age gi-oup a.s cardiac su.spects, as was found 
in our stud}-. Because organic heart disease is rare at this age, the 
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proportionately feAver cases found in this survey should not materially 
influence the total percentage of cases of organic heart disease in the 
entire age range studied. 

It will be noted that four etiologic groups, other than those listed 
in Table II, haA’^e been added in Table lY, namely, doubtful rheu- 
matic heart disease, doubtful congenital heart disease, potential rheu- 
matic heart disease, and hypertension. Diagnoses Avere regarded as 
doubtful Avhen the presence of a lesion could not be definitely estab- 
lished by means of the physical examination and history. Occasionallj’’ 
a ease could not be classified Avith certainty as congenital or rheu- 
matic, although it AAms recognized as one of organic heart disease. In 
such instances, the most likely diagnosis Avas made arbitrarily for the 
purpose of classification. Potential rheumatic heart disease Avas diag- 
nosed AAdien the history of rheumatic involA’^ement AAms so recent that 
cardiac disease, although not sufficiently eAudent at the time of ex- 
amination, possibly Avas present. 

“Hypertension” Avas diagnosed AAdien the systolic blood pressure 
AAms higher than 140 mm. Hg, but Ave realize that durmg the examina- 
tion many of the children AA^ere apprehensiA’-e, and therefore it may 
be assumed that the initial readings in many instances Avere probably 
too high because of psychic as Avell as vascular instability. It is inter- 
esting that nearly 10 per cent of the children betAveen the ages of 16 
and 18 shoAved eleA’-ation of the .systolic blood pressure, and that 64 
per cent of them Avere boys. In this group, in contradistinction to 
true essential hypertension, the diastolic pressures Avere normal and 
the pulse pressures consequently high. Measurements such as 150/85 
AA^ere common. 

Little can be said of the frequenc.y of “functional” murmurs in this 
particular group, for many children Avith such murmurs Avere not sus- 
pected of heart disease and therefore AA^ere not referred. 

In the school suiwej^ (Table III), as at the Cardiac Diagnostic Cen- 
tffi’, the incidence of congenital heart disease was unusually high. It 
is significant that the figures show an approximately equal proportion 
of cases of rheumatic and congenital heart disease up to the age of 
12 years, instead of the rising predominance of rheumatic heart dis- 
ease betAveen the ages of 10 to 12 years AAdiich has been observed by 
others (Tables lY and YI). 

Table YI shoAvs the proportionate incidence of rheumatic and con- 
genital cardiac disease in cases of organic heart disease in various 
age groups. 

Eheumatic heart disease Avas divided equally between the sexes (49 
per cent boys, 51 per cent girls), Avhieh agrees with Christie's figures 
for northern California (48 per cent and 52 per cent, respecttyely). 

Only . 6 , or less than 10 per cent, of the children with rheumatic 
heart disease or potential rheumatic heart disease had had their pri- 
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Table VI 


Pi:0!'OBTIO\-ATE iNCrDEN-CE, BV AGE GP . OVPS , OF PHEUMATIC AXP CONGENITAL HEABT 
Disease in 79 Cases of Okganic Heart Disease Positively Diagnosed in 
295 Cardiac Disease Suspects Among 18,007 School Children 


AGE GROUPS 
(iscLVsm:) 

KHEUAIATIC | 

1 CO.NGENITAL | 

TOTAL NO, 

OF CASES 

NUMBER 

[ PER CENT 

NUSIBER -1 

PER CENT 

6- 9 vr. 

1 6 


5 

4.5.5 

11 

10-12 yr. 

i 


10 1 

45.5 

22 

13-1.5 vr. 

18 1 


10 1 


28 

10-18 vr. 

12 

68.0 j 

I 


17 

19 vr. 

1 


] 


1 

Total 1 

49 

02 

30 

BHi 

79 


mary acute rlieumatic attack before they came to San Francisco. 
This fact is important in comparing the incidence of rheumatic fever 
in this locality with that in other parts of the country. 3Iore instances 
might have been discovered if careful histories had been obtained from 
the parents in everi' ease, but this was not alwav's possible. 

Table VII gives figures from a review of the literature dealing with 
the incidence of oi'ganie and rheumatic heart disease in school popu- 
lations of the middle, western, and eastern United States, as well as 
Great Britain. Tlie marked geographic differences in the incidence 
of organic and rheumatic heart disease in these localities may be noted. 
By statistical analyses of two series of cases, using in one instance 
an indirect and in the other a direct method of estimation, the low 
incidence for San Francisco school children is shown. 


Table VII 

Incidence of Organic and Rhecjiatic Heart Disease in School Populations 
OF THE tJNiTin) States and Great Britai.n 


IA)CALE 

San Francipco ('Author.'^’ 
Table III) ■ 

San Francisco, 19:i]-1934 
(Authors’ Table Ilf) 
.Cincinnati, 1930^ 

Xeiv York City, 1.0213 
Boston, 192 75* 

England and Wale.sic 
Chicago, 192.'ni 
Philadelpliia, 1929i 
Nett' York, 1918-192212 
Gloucestershire, 1927-19.';0i3 
Somerset. 1927-193(0^ 
Bri.stol, i927-19;1053 
Xeiv llesican Indians^ 
Xortliem Indians'^ 
Philadelphia! 

Xev.’ Ilavcnis 


NO. or CHILDREN ORGANIC HEART RHEUMATIC HEART 
^EXAMINED DISEASE PER 1,000 DISEASE PER 1,000 


13,338* 


2.20 

80,082 

.3,7 

7.55 

0,900* 

3.7 

2.90 { 

44,000- 

5.0 

4.30 

]19,.337* 

5,2 

4.00 

598,107* 

7.0 


158,820* 

9.0 

7.20t 

10,3.3.3" 

9.1 

8.20 

1,-336,343* 

13.9 


5.3,.501* 


1.03 

42,804* 


2.17 

54,07.3 


7.72 

1,019 


5.00 

688 


45.00 

.3.3,2.03 

0.0 

3.90 

5,758 


48.10 


*I'iRure.s Go not include a Di’e.<iChooI group. 

Table I on tbe b.-iBls that tbere v.-ere 321 casas of organic hr-art 
dice.aBe in a .bcDooI population of S6,0¥2 trom ISSl to 1 UZ 4. ncfiUv^ 

Center repre.«ent the heart 

AAell-Baby Confeience plus aO per cent of tho.«e examined at .school. 
fCompiited on a hresis of SO per cent of all c.o.ses of heart disease. 






















SOLEEOSING OF VARICOSE VEINS BY LIGATION AND ONE 
MASSIVE INJECTION OF SODIUM RICINOLEATE (SORICIN)^^ 

Samuel H. Sed^z, M.D., and Myron H. Steinberg, ]\I.D. 

Youngstown, Ohio 

^’T^O THE best of our knowledge, the earliest attempts to obliterate 
A varicose veins were made b 3 ’^ Provatz^ in 1851. These attempts were 
somewhat successful, but there were many reactions and infections, and 
some fatalities. DeLore,^ in 1894, first demonstrated the action of drugs 
w’liich produce obliteration in the veins. Since the beginning of this 
method of treatment of varicose veins man\* tj^pes of solutions have been 
used with varying degrees of success. 

The action of sclerosing agents has been carefully studied bj* animal 
experimentation and biops^L These observations indicate that following 
the formation of an adherent fibrotie clot tliere is sufficient irritation to 
cause destruction of the intima of the vein. This is followed bj' the for- 
mation of a firm deposit of fibrin and blood platelets, resulting in the 
formation of a dense clot extending into the smaller vein which leads 
into the varicosity. 

Pigs. 1 to 4, photomicrographs of the cross section of the ear vein of a 
rabbit, show the effect of a. 2 per cent solution of sodium ricinoleate 
(soricin) at intervals of fifteen minutes to twenty-four hours. It ap- 
pears from the photomicrographs that the clotting of the blood is an 
immediate effect due to coagulation of the red cells and that it precedes 
the injurious effects on the lining of the vein. Tliis clotting is a sudden 
event and does not follow the usual course of an ordinaiy, slowly de- 
veloping ante-mortem thrombus. 'Within an hour after the injection of 
sodium ricinoleate, destruction and desquamation of the lining endo- 
thelium occur. Within twenty-four liours there is complete destruction 
of the intima of the vein, with some degenerative changes taking place 
in the surrounding tissue, probabty due to an extension of the material 
out of the venules into the tissue spaces. 

The chief danger encountered in this procedure is the possibility of 
deep vein sclero.sis. This, we believe, is dimini.shed by changing the pos- 
ture of the patient immediately after the injection so that the foot 
becomes dependent. As soon as the wound is closed, the patient gets up 
and walks about. In our series there has been no obliteration of the 
deep veins. We attribute this to the fact that we make our patients be- 
come active at once and that we use a dilute solution. This is further 
diluted by the blood and cannot cause much damage to the intima of tlie 
vein thereafter. 

*From the Peripheral Vascular Clinic of the North Side Unit, Tounp.stown Hos- 
pital Association. 

Received for publication Jan. 7, 193S. 
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The sclemsiii" solution used in our work is a 2 per cent solution of 
sodium rieinoleate prepared in aceordanee with the directions of Rider.’ 
The drug in this solution Is approximately 98 per cent pure sodium 

FiS. 1. Fig. 2. 



Fig. 3. 


Fig. 4. 


.- 50 'num rVf^r,TfraU- nthhit llftf^en rninutCH aftor inj'.-ction of 

one Iiour after injection of KotUum 
ritinol«itc~~^"''^'°^' rabbit aix hourK after injection of «o<JIum 

Fodlum '''''' J’ours after injection of 
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1 icinolealG, 'witli small amounts of sodium olcate and sodium liiiolcate. 

G fcGl that oiiG distinct advantage in the use of sodium ricinoleate is 
the fact that it is a loiowu, stable compound, the composition of 'which 
can be controlled within A'ery narrow limits. The 2 per cent solution 
has a pH which has been adjusted to 8.0. 

Froehlich and Henrickson'* report the use of 5 per cent sodium ricin- 
oleate in the treatment of Amrieose Amins in 300 patients. Their method 
Avas to give a preliminary injection of 1 c.c. into a small loop of the 
Amin as a test to determine Avhether or not the patient Avas sensitiAm to 
sodium ricinoleate. If no sensitiAuty Avas evidenced, a 5 c.c. dose Avas 
used in a sufficient number of injections (averaging three to four in 
number) initil all Amins Avere sclerosed. 

PostlethAA'aite" employed a 2 jier cent solution of sodium ricinoleate, 
using onl}' small amounts of the solution and making repeated injections 
until the entire Amin became sclerosed. 

E.iddle'^ reported the use of 10 per cent sodium ricinoleate and found 
that it Avas effective even Avhen 10 per cent sodium morrhuate or invert 
sugar liad failed. 

MePheeter" states that 5 per cent sodium ricinoleate is as good as 
sodium morrhuate but that it is a little stronger and gives more of a 
reaction. For this reason he is iioav using 2 per cent sodium ricinoleate 
in the larger Amins and 0.5 per cent in the superficial vein ruptures. 

Johnston® reports the use of a solution of 5 per cent sodium ricinoleate 
Avith ligation of the great saphenous vein and its branches at the femoral 
opening. He stresses the importance of ligating the branches to prevent 
recurrence and canalization. We belieAm that, if marked adhesions or 
lymphatic blockage are present, they contraindicate Avide dissection to 
ligate the branches because the Avound does not heal readily and marked 
seepage results. The destruction of the lymphatics by dissection results 
in the increased production of edema Avhich persists for a long time 
and prevents further injection of the vein, sliould this lie necessary. 
Johnston® also stresses the importance of testing the arterial circulation, 
Avith which Ave are in accord. 

In the treatment of Amricose veins, we haAm not been satisfied Avitli the 
fractional injection of small quantities at the site of the varicosities. 
The disadvantages of this method of treatment consist of a period of 
disability and discomfort, lasting from four to seven days after eacli 
treatment, and a multiplicity of injections requiring from three to six 
months, accompanied by numerous periods of disability and discomfort 
scattered throughout the treatment. There is also to be considered the 
danger of the deA'elopment of sloughs at the site of the injection. 

Because of these disadvantages, we have adopted a somcAvhat different 
procedure in selected patients avIio have reacted satisfactorily to the 
Trendelenburg and Perthes tests, and have also had a thorough examina- 
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lion of the arterial system, including oscillomctric readings, surface 
temperature readings, and CoUens-Wilensky and Buerger tests. 

In the Trendelenburg test the patient is placed in the decubitus po.sition and 
the extremity is raised to emptj* the veins. A tourniquet is placed above the knee. 
The patient then stands. Quick filling of the x-eins from below upwards means that 
the communicating vein valves are incompetent and that there is overflow from the 
deep veins into the supcrcifial ones. ^'Vhen the tourniquet is released, if the sa- 
phenous vein fills rapidly from above as soon as the patient stands up, it indicates 
tliat the valves at the saphonofemoral junction are incompetent. The latter is a 
positive Trendelenburg test. A combination of tiic two is a Trendelenburg double 
test. 

The Perthes test shows whether or not the femoral vein is patent. "With the 
patient standing a tourniquet is placed above the knee just tight enough to cut o/T 
the superficial venous return. The patient then walks about the room several times. 
If the deep venous return is not adequate, pain will soon be experienced throughout 
the leg. If the deep veins are open, the dilated superficial veins tend to collapse 
and no pain will be produced. The collapse of the veins is due to the sucking out 
of the blood by muscular contraction. The blood is drawn through the communicat- 
ing veins into the femoral system and then up through the femoral vein. 

The Buerger test is x>erformed by having the patient assume the supine position, 
elevate the legs, and flex and extend the ankle rapidly. The foot is observed for 
blanching, and any pain or cramp in the calf is noted. 

The Collens-Wilensky test is performed as follows: The patient lies down and 
the foot is elevated until the superficial veins are collapsed. Then the foot is quickly 
lowered over the side of the bed and the time for filling of the superficial veins 
on the dorsum of the foot is noted. The normal filling time is from five to seven 
seconds, 

COi'MPARISON OP MTCTHODS OP TRBATMENT 

The iTeatineiil consisted in Group 1 of injections of various drugs and 
in Group 2 of ligation of the gi’cat saphenous vein and its branches, 
followed by multiple injections of 2 per cent sodium ricinoleate. Group 

3 consi.sted of patients who were treated by ligation of the great sa- 
plienons vein and its branches, together with massive injections of a 
2 per cent .solution of sodium ricinoleate into the distal portion of the 
vein. This con.stitutes what we consider to be the most satisfactory 
mctliod thus far described. 

Group I. — This group comprised 26 patienls, all of whom showed a 
chemical thrombophlebitis at the site of injection. They were treated 
with multiple injections of various solutions : namely, sodium salicjdate 
30 per cent, averaging 207 c.c. — 13 ca.ses; sodium morrhuatc, averaging 
76 e.c.— 9 cases; quinine hydrochloride and urethane, averaging 17 c.c. — 

4 cases. There were no ligations of the gi’eat saphenous vein in this 
group. Eeeurrence and canalization after two yea)-.s occurred in 38% 
per cent of the ca.ses. 

Group .9.— This group consisted of 78 patients who were treated by 
ligation of the great saphenous vein and its branches and multiple in- 
jections of 2 per cent sodium ricinoleate, averaging 48 c.c. There was 
no recurrence nor canalization after one and one-half years. 
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Group 3. This groiij) consisted of 31 patients who were treated by 
ligation of the great saphenous vein and its branches, when feasible, and 
injection of 2 iier cent sodium ricinoleate, averaging 17 c.c. There was 
no recurrence or canalization after one year. In addition, iontophoresis 
of aeetyl-beta-methylcholine chloride (meeholyl) and the application of 
the intermittent venous compression cuff (Collens-lYilensky) were used. 

In Group 3, the new procedure was adopted only in selected cases, 
tlie criteria for the selection of which will follow. 

The results are shown graphically in Cliarts 1, 2, and 3. 

Group 1 . — Tliere were 9 ulcers (3 bilateral) in this group. The 
method of treatment employed did not lead to healing after one year’s 
time. Relief of postinjeetioii pain was never accomplished in le&s than 



Fig. 5. .. ■ Fi&. 6. Fig. 7. 

Pig-. 5 . p. -w., aged.- 52 years, a tailor. Varicose veins for fifteen years. Treated 

by lighion of great sapbenbus vein and- injection of 27 c.c. of a 2 per cent solution 
of sodium ricinoleate. 

Pig e F "SV Disability for one week. Marked induration and periphlebitis, 

chemical 'phlebitis. Meeholyl by iontophoresis, and Collens-Wilensky cuff, daily for 
one week, beg'innins’ forty-Gigrht liours after injection Jincl lig'ation. 

Pig:. 7. — F. IV., six weeks later. 

two weeks. In 111/2 per cent of the cases disappearance of periphlebitis 
was evidenced vutliin two weeks after completion of treatment. 

Group 5.— There w^ere 22 ulcers in this group in which healing oc- 
twelve weelvS (6 per cent of cases). Eight and one-half 
per cent of the patients were relieved of pain within one week. In 24 
per cent of the cases the periphlebitis disappeared within one week. 

Group 5 .— There were 7 ulcers in this group, all of wliich were healed 
within nine weeks; 87 per cent of the patients were relieved of pain 
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within one week. In 84 per cent of the cas-es pei-ipiilebili-s di.sappeared 
in less than one Aveek, averaging four days. 

In tlie treatment of superficial Amin ruptures Ave have employed a 
0.25 per cent to 0.5 per cent .solution of sodium ricinoleale in doses of 
0.25 to 0.5 c.e., and avc liaAm found that the sclerosing effects leave less 
discoloration than Avas experienced Avith any other .solution. McPheeler^ 
reports similar results. This good cosmetic effect is e.speeially appreci- 
ated by the younger female patients. 



Fig’. 8. — C. K.. aged -18 years, a laborei'. Vixricoy.e veins Tor twelve years, ulcera- 
tion for four years. Treated by ligation of great .saphenous vein and Injection of 
22 C.C. of a 2 per cent solution of sodium ricinoleate. Mecholyl by Iontophore.sls, and 
CoUen.s-AATIen.sky cuff, dally for two week.s, beginning forty-eight hours after injec- 
tion and ligation. Ulcer healed. Disability lasted four days. 

Fig. V — C, R., anterior viev.'. 


SELECTION OF CA.SES AND CONTKAI.NDICATIONS 

Patients Avith A'aricosities AA'hich e.xtcnded aboAm the knee and tho.se 
AATth A'arieose ulcers Avere selected for ligation. These patients AV'ere 
required to have adequate deep venous circulation as shoAvn by the 
Perthes test. 

In selecting the eases in Group 3, Ave excluded the aged (past 60 
years), the very obese, high-strang nerwous patients, and those AAOth A'crj' 
chronic extensive, infected ulcers. All subjects Avere tested for the pres- 
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ence of latent infection by cheeking leucocyte counts and blood sedi- 
mentation time. Wassermann tests and complete urinalyses were made 
routinely. The presence of diabetes is a contraindication unless it is 
well under control. In patients with sjTDhilis, antisyphilitic treatment 
is pushed energetically, and, when the ulcer shows healing, the treatment 
is conservative, namely, ligation and fractional injection. 

Tin's group does not include those patients who had, in addition to 
involvement of the great saphenous vein, varicosities of the lesser sa- 
phenous vein. These patients were placed in Group 2, inasmucli as they 
were subjected to ligation of the great saphenous vein and subsequent 
multiple injections. 



Fig. 10. Fig- 11- 

Pig-. 10. — C. R., posterior view two months later. 

Pig. 11. — C. R., anterior view made at same time as Fig. 10. 


TECHNIQUE 

The technique was similar to that of Faxon^ and Johnston,® namel.v, ligating 
and cutting the great saphenous vein near its entrance to the femoral and also 
ligating and cutting such branches as present themselves, avoiding undue dissection. 
The branches encountered are the superficial external pudendal, the superficial ex- 
ternal epigastric, the superficial circumflex iliac, the internal superficial femoral, and 
the external superficial femoral veins. 

A siTinge filled with the desired amount of a 2 per cent solution of sodium ricmo- 
leate is fitted with a fairly large bore needle (20 gauge), and the needle is inserted 
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distal to the first ligature. Tiie suture placed around the distal portion of the rein 
is tied over the needle but is not tightened until after the solution is injected and 
the needle withdraivn. The amount of sodium ricinoleate used varied from 0 to 



Chart 1. — ^Hellef of pain. 


•Ti I YiK 2 WK 3 V/K. I MO Z MO i '’\0. 




Chart 3. — Heaiing" of ulcers. 

Group 1, recurrence of varicose veins and canaJij:ation, 38.5 % (iv;o ye-ar?) j Group 
2, recurrence of v.aricos’e vein.“ and c-an-allsKiUon, 0 (one and one-half years) ; Group 
Z, recurrence of v.arleo.se vein,s- -and c.analizatIon, 0 (one year), 

.'10 c.c, Tlic vein is then ligated and .severed betv/een tlie distal and proximal liga- 
tures. Tlie proximal segment of the vein is doubly ligated as an added safeguard. 

This method of treatment v/as emplwed in 31 patients and produced complete 
obliteration of all varicosities of the great saphenous tree. 
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.VPTEREFPECTS AND REACTIONS 

"W hen the primary hiirning disappears, within a few minutes after 
injection, patients may get up. They usually complain of a “leaden,” 
heavy” feeling of the extremities. They claim that the legs feel 
diawii and tight.” Within twelve hours, a hravniy induration of 
the entire extremity ensues. Within twenty-four hours, the skin over 
the vein becomes ecchymotic and the periphlebitis (due to penetration 
of the solution into tlie venules and tissue spaces) is quite painful. 
Within forty-eight hours some edema usually appears. Treatment of 
these two developments has consisted of application of the intermittent 
venous compression cuff (Collens and Wilensky^®) and iontophoresis of 
acetyl-beta-methylcholine chloride (mecholyl).^^ As a rule, the pain 
and edema last from two to four days. Tlie patient is usually not dis- 
abled and continues at his work. 


APTERTREATMENT 

Tlie day following injection, the patient returns to the clinic and 
receives a treatment by iontophoresis. This was instituted because it 
was noted that, when patients with severe periphlebitis and chemical 
thrombophlebitis were subjected to this treatment, following multiple 
injections (Group 1) without ligation, they responded with complete 
relief of pain, stiffness, and induration of the parts involved. On the 
next day, the intermittent venous compression cuff (Collens and Wilen- 
sky^°) is applied to the thigh for a period of one hour or more depend- 
ing upon tlie amount of discomfort produced and whether tlie edema 
increases. This treatment is given daily and is continued as long as 
there is periphlebitis and swelling. 

The treatment of the ulcer also includes acetyl-bela-methylcholine 
chloride^^ by iontophoresis, the ulcer area being covered with vaseline 
gauze. After treatment, the ulcer is covered with a dressing of 
N :N-dichloroazodiearbonamidine (azoehloramide) in oil. Activity is en- 
couraged, and no elastic bandages are applied. In the last three cases, 
the azoehloramide was made up into an ointment which contained 50,000 
units of vitamin D to the ounce. This seemed less irritating and did 
not require vaseline protection. 

DISCUSSION 

After having tried Amrious solutions for sclerosing varicose veins by 
injection, we resorted to a 1 to 5 per cent solution of sodium ricinoleate. 

We have found that a 2 per cent solution of sodium ricinoleate is best 
suited for our purposes, inasmuch as adequate thrombosis is obtained 
without producing too severe a local reaction. In superficial vein rup- 
tures 0.25 per cent to 0.5 per cent solutions Avere most satisfactory in 
our experience. Sclerosing effects Avere produced without undue dis- 
coloration. 

The local reactive s.Amiptoms encountered, such as periphlebitis and 
painful thrombophlebitis, Avere treated at home by local applications of 
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aqua Hamamelidis compresses, with eiieouraging results. The indura- 
tion about the veins was quicldj’^ relieved with aeetyl-beta-methylcholine 
chloride’^^ hy iontophoresis. Paradoxical as it may seem, the edema 
produced was quieldy reduced (in twenty-four to forty-eight liours) hy 
the use of tlie intermittent venous comi)rcssion cuff (Collens and 
Wilenslcj"^®) for two to six hours per treatment, forty-eight hours after 
ligation and injection, Tliis is not begun sooner because the vein 
lias been ligated, and there is danger of forcing off the ligatures. The 
result obtained may be explained by the facts that the venules wei*e 
kept canalized and the edema was I’cduced by forcing an increased 
volume of blood through them. 

Noting the good re.sults obtained by the use of these agents m small 
veins, we injected the whole tree and treated the reactions in the same 
manner witli surpj-ising and sati.sfactory results. 

.SUMMARY 

A method of treatment of varieo.se veins by injection of large amounts 
of. 2 per cent sodium riciuoleate solution in the entire venous tree, 
together with ligation of the saphenous vein, is presented. The amount 
injected may vary from 6 to 30 e.c., depending upon the nature of the 
ease. Cases .should be carefully .selected, e.Kcluding patients who have 
.syphilis, diabetes, old, extensive, infected ulcers or who are extremely 
obese, or .senile (past 60 yeans old). With this method, the length of 
Ireatment and time of disability have been con.siderably shorlened, and 
the re.sults appear more satisfaclory than those following the use of 
other sclerosing .solutions and other methods of proccdux’e in the treat- 
ment of varicose veins. 
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THE MONOCARDIOGEAPIi- 


Hubert Mann, ]\r.D. 
NE^Y York, N. Y. 


VVyiLLEM EINTHOVEN, through his invention of the string gal- 
vanometer, provdded ns vvdth an instriunent of great sensitweness 
and acciiraej^ vvliic]i made it possible to record and study the small elec- 
tric ciUTents generated bj'’ the hearts of animals and man. Physicians 
and physiologists, prominent among whom was Einthov^en himself, soon 
laid the foundation of what has since been known as electrocardiography. 

Electrocardiography was fortunate in its inception because it was es- 
tablished on a solid groundwork of well-developed physical and mathe- 
matical science. Although there vvms, and still is, some doubt as to the 
precise means b.y vA'hich the heart muscle generates an electric current, 
nevertheless, once such a current is generated, the mechanism of its 
spread and the recording of its characteristics are subject to precise and 
well-knovvm plij* sieal laws. The use of tlie two arms and the left leg as 
contact or leading-off points provided constant and readily reproducible 
curv’-es. These curv^es, as Einthoven showed, were readily susceptible to 
mathematical analysis. 

This anal 3 ’’sis is based on the fact that at any instant the differences of 
potential between the three leading-off points bear a simple relationship 
to one another, namely, that the difference of potential between the right 
arm and the left leg (laiown as Lead 11) is equal to the sum of the po- 
tential difference between the right arm and the left arm (Lead I) 
and the potential difference between the left arm and the left leg 
(Lead III). The relationship can perhaps be better understood if we 
state it as follows : There are two ways of measuring the difference of 
.potential between two points (right arm and left leg). We may either 
measure the difference of potential directly (Lead 11), or we may select a 
third point (left arm) and measure the differences of potential between 
our original two points and this third point (Leads I and III), adding 
together these two differences. Obvdously our answer will be the same 
wdiichevmr method we use. 

Since the voltage of Lead II must at any instant be exactly equal to 
the sum of the voltages of Lead I and Lead III, Einthoven represented 
this fact graphically by means of a geometrical figure. He chose an 
equilateral triangle as the proper figure because the projections on the 
sides of an equilateral triangle of any line di-awn within the triangle 
are so related that one projection is equal to the sum of the other two.f 


‘Received for publication Jan. 5, 1938. 

AT’V.i-a i .5 of course a simplified and partial statement of the more general proposi- 
ion that the prSion of a line upon any side of an equilateral triangle equals the 
urn or difference of the projections of the same line upon the other two sides of the 
riangle. 
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Tlu’ough Ihe use of Einlhoven’s triangle it Avas possible to make a 
graphic representation of the Amltage of the three leads of the electro- 
cardiogram at any instant. By means of this triangle, mathematical and 
geometrical analysis of the electrocardiogram was facilitated. The tAvo 
arms and the left leg are not placed at the apices of an cquilatei’al tri- 
angle, and their actual spacing A-aries in different individuals. The use 
of an equilateral triangle does not pre.suppose that the leading-off points 
are equidistant from each other, but depends on the geometrical prop- 
erties of such a triangle and its suitability for graphic representation of 
the electrocardiogram. 

It Avould be desirable for an exact geometrical analysis of the electro- 
cardiogram to knoAv the exact distance of each electrode from the heart 
and from the other tAvo electrodes, as aa-cII as the exact electrical charac- 
teristics and location of all the body ti.s.suc.s inAmh^ed in conducting the 
electrical impulses from the heart to the electrodes. These Amidous fac- 
tors Avould haA’e to be eAmluated each time an electrocardiogram Avas 
taken. ObA'iously, eA^en if aa'c kncAA' hoAv to make all these CAmluations, 
the enormous amount of AAmrk invoh'ed AA'Ould be disproportionate to the 
re.sults obtained. The use of the equilateral triangle for spatial analy.sis 
of the electrocardiogram inA'oh^es an approximation Avhieh is unaA'oidable 
and one that A'aries AA'ith the electrocardiograms of different indiAuduals. 
It has, hoAA’CA-er, the adA-antage of practicality and relatiA'c ease of ap- 
plication, and, proA'ided the analjAst bears in mind the nece.s.saiy limita- 
tions of the method, EinthoA^en 's triangle furni.shes us Avith a A'aluable 
tool. 

As a re.sult of studying the mathematical and geometrical relation- 
.ships preA'iou.slA' discu.ssed, the author devised and published in 1920’ 
a method of analyzing the electrocardiogram. This method, ba.sed on 
EinthoA’en’s triangle, consisted of measuring the A'oltage of the three 
standard leads at intein-als of 0.01 second, and then plotting these A'olt- 
ages as a consecutiA'e series of points on a polar curA'c. When these- 
points Avere joined together as a .smooth curA'e the re.sult wan a single 
curve embodying the three leads of the electrocardiogram. This single 
ciuwe AA’as called the monocardiogram. 

The production of a monocardiogram from an ordinary electrocardio- 
gram inA'oh'ed many "hours of careful AA'ork. A photogi’aphic enlarge- 
ment or camera lucida draAving of each lead aa^s e.s.sential for accuracy. 
The.se enlargements AA'ere then mea.sured at intcrA'als of 0.01 .second, and 
tlie measurements ai-ranged, by trial and error, so that for oA'cry mo- 
ment of the cai’diac cycle Lead II equalled the sum of Lead I and Lead 
III. After mathematical computation the .s'ucce.ssiA'e points of the mono- 
cardiogram Avere plotted on coordinate paper and connected AA'ith a 
fairly smooth cui'a'c. 

The monocardiogram gaA'e information of .such Amlue that the labor 
iuA'oh'ed in producing this cuta'c seemed jastified, but, in addition to 
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the laboiioiisness of the process, the method described had several other 
drawbacks. In the first place, the use of the method required such a 
high degree of technical training* and judgment that it could not readiby 
be delegated to assistants, and therefore could not be made a routine 
procedure. In the second place, tlie final result was a curve drawn by 
liand on coordinate paper — a curve which might give the impression 
of being artificial, inaccurate, and not closely related to actual car- 
diac events. To many who did not concern themselves rvith tech- 
nical details, the standard electrocardiogram seemed closer to reality than 
did the monocardiogram, Avhich impressed them as a derived “imagi- 
nary” curve. 

Both of these objections Avould be met and overcome if an instrument 
— the monocardiograph — could be devised to inscribe tlie monocardio- 
gram automatically, Avithout mathematical calculation and Avithout the 
interposition of the human factor. This monocardiograph should be so 
designed that AAdien connected to the tAvo arms and the left leg it Avoidd 
produce a single polar curA^e instead of the three standard leads. This 
polar curA^e could be recorded photograpliically in a manner somcAA^hat 
analogous to the recording of the electrocardiogram. For such an in- 
strument a string gah^aiiometer AA^as not suitable. A combination of Iaa^o 
mirror galAmnometers might serA'-e the purpose of combining Iaa^o or more 
leads, but the available mirror galvanometers Avere sIoav and othei’Avise 
unsatisfactory for recording the electrical output of the heart. The 
cathode-ray oscillograph offered the best prospect of success in the con- 
struction of a monocardiograph. 

The cathode-raj^ oscillograph operates by means of a beam of electrons 
AAOiich impinges on a fluorescent screen, making a small bright spot in 
much the same AAmy that tlie narroAV beam of flashlight is thrown against 
a Avail. This beam of electrons can he deflected electrically so that the 
bright spot on the fluorescent screen moves and produces a cui’A’-e Av^hieh 
can be recorded photographically. The cathode-ray oscillograph has no 
appreciable lag, and Avill respond faithfully to vibrations much more 
rapid than those recorded in the electrocardiogram. It is not, hoAA^eA*er, 
as sensitive to small currents as is the string galvanometer, and there- 
fore the electrical output of the heart must be amplified before it is led 
to the cathode-ray oscillograph. 

- In 1924 the author succeeded in producing an instrument Avhich con- 
sisted essentially of tAvo three-stage amplifiers actuating a catliode-iav 
oscillograph, ^^len the tAAm arms of a patient Aveie connected to one 
^■ffiplitier and the left arm and left leg AA^ere connected lo the othei 
amplifier, the cathode-ray oscillograph produced a curA^’C resembling the 
monocardiograms AA^iich had previously been diaAvn bv hand. This 
curve varied in shape for different individuals, varied in direction AA'hen 
the heart AA^as rotated by forced respiration, and Amried in character for 
extrasystoles of different types. It had, however, serious draAvbacks. 
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In the first place, it was not bright enougli for good photographic re- 
cording, and tlie si^ot was too fuzzy and ill defined for accurate measure- 
ment. In the second place, Ijccause of the construction of the cathode- 
ray oscillograph, it was possible to ii.se onlj^ two leads (namely. Leads I 
and III), and this introduced considerable error into the curves. Either 
a radical modification in the construction of the cathode-ray oscillograph 
would be neeessaiy, or an entirely new instrument would have to be 
de'vdsed. 

Neverthele.s.s, this crude monoeardiograph, consisting of two amplifiers 
and a cathode-ray oscillograph, was suitable for a demonstration of the 
validity of the method and of the objective e.xistence of the monocardio- 
gram. By means of this apparatus a demonstration of these points was 
made to a number of physician.s, and, as a result of this demonstration, 
the Rockefeller Institute late in 1926 provided a grant for the construc- 
tion of a better monoeardiograph. 

In 1926 the author began the construction of experimental galvanom- 
eters so designed that they would respond to three independent electrical 
current.s. With the valuable assistance of J. F. Pattee, a galvanometer 
was finally designed and constructed which was capable of responding 
simultaneously to three separate electrical currents and had the required 
speed and accuracy for the recording of a monocardiogram. This gal- 
vanometer reflected a .small, .sharp, brilliant .spot of light excellently 
suited for accurate photographic recording. It was actuated by three 
amplifiers, one corre.sponding to each lead of the electrocardiogram, and 
produced a curve indi.stingui.shable from the mathematically derived 
monocardiogram. In 1931 this galvanometer with its amplifiers was 
demon.strated at the New York Academj' of Medicine Graduate Fort- 
night. Since that time, the monocardiogi’aph, of which this special 
galvanometer is the e.ssential part, has been in ahno.st con.stant use. 

TECHXICAE DE-SCRmnON' 

The monoeardiograph conf-ifet.'s of the following parts: (1) An amplifier v.hieh 
ami>!ifios witliout appreciable distortion the currents obtained from the body, and 
actuate.? (2) a galvanometer wliicli resimnd.? simultaneously to three current.s corre- 
sponding to the three leads of the electrocardiogram. The detle:;tion.s of 'ihi.s 
galvanometer are magnified by mean.? of (.3) an optical eijstcm and recorded upon 
(4) a camera. A detailed de.scription of these parts follow.?. 

1. The amplifier consi.sts e.ssentiallj' of fhrc'c similar three-stage amplifier.? as illu.s- 
trated in Fig. 3, To the three leading-ofT points of the body electrode.? are applied 
a.s in ordinary electrocardiography. From these electrode.? the voltages are brought 
to three similar wire-v.-ound 3fJ0,000-ohm resistor.? which arc matched within 1 per cent. 
By making the.^j ro.--i.‘=tor.? equal, the sv-mmetry of the system i.« pre.‘^en'Cd at this 
point. The .“ame e-xirerailic.": of the.-e re.si.stors are connected to the grids of the first 
tulics of each amplifier. The other extremities are connected together through grid- 
bia.s celhs which are grounded. This is the only pmint at which the input circuit is 
grounded. The patient i.s not connected to the ground or a shield at any point. 
Thi.s arrangement make.« the amplifier.^ very .‘■•ensitive to induction and necessiUdes 
careful .‘•hielding and elimination of stray field.--. 
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Tlie first two tubes of each amplifier are type 36 screen-grid radio tubes. They 
amplify the, voltage about 2,500 times. Tlie amplified voltage is fed to the third 
tube (171-A power tube). The third tube transforms the voltage into the desired 



1 f • V'llne The coupling circuits between the tubes (l-nucrofarad con- 

pn,s .o.ost T-.a«s. 

nplifiers can easily pass the fastest impulses the heart produces. 
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The negative potential on the grids of the three power tubes can be adjusted by 
tliree independent 3,000-ohm potentiometers. Tiiis changes the amount of steady 
current delivered by the tubes to the galvanometer without much changing the 
amplification. This operation is useful in adjusting the zero point of the gal- 
vanometer. 

The gain from each amplifier can be attenuated at the galvanometer by three 
20,000-olim potentiometers. By adjusting these potentiometers the amount of 
amplification can be varied within wide limits (about 1,000 per cent), and the three 
amplifiers can be made exactly equal to each other. 

The complete amplifier with its nine tubes, resistances, condensers, grid-bias cells, 
and control panel is mounted in a metal box which rests on an air cushion so that 
it is unatTected by e.xternal vibrations. The batteries for the filaments and the 
plates are located separately and connected to the amplifier by shielded cables. 

For standardization, a separate box is provided, containing a dry cell, a rheostat 
to control current from the cell, a milliamrneter to indicate that current, and a 
double-bank switch to switch that current to each of three equal resistors made of 



Fig-. 2, — Diagrammatic represent-ition of the special galvanometer used in tlie 
monocardiograph. The galvanometer coUs are wound around the edges of the three 
cn-ps, which arc arranged in clover-leaf form. The curved mirror is rigidly attaclied 
to these three caps, which are fastened together and held in position by a smpemion, 
which i.s merely a short straight wire. The caps are slightly larger than the polo 
pieces so that they can move without touching them. The field toindin// of the magnet 
is shown, 

manganin alloy. These manganin resistors have a value (about 0.1 ohm) such that 
when the milliarameter read.s 10 milliampcres there will be a voltage acro.ss them 
of 1 mv. (1 mv, = 1 TJ). The three resistors are connected in serie.s with the patient 
leads as shomi in the diagram (Fig. 1), When the current from the dry cell is ad- 
justed by means of the rheostat to the standard value and the switch is turned, 
1 mv. is applied to each of the amplifiers in succes.“ion. Thus each three-stage 
amplifier can be te.sted independently of the other two. 

2. The galvanometer (Fig. 2) was designed e.specially for the monofiardiograph. 
The moving part con.si.sts of a clu-ster of three movable coils, rigidly fastened to- 
gether in one plane and pivoted universally at the center of gravity of the group. 
The framework of this sy.stcm consLsts of throe small, very light, duralumin c.apK, 
grouped like a clover leaf. The coils are v,-ound around the edges of the cap.s. They 
consi.st of l,.d00 turns of 0.001 inch insulated copper wire. The resistance of each 
coil is about 1,200 ohms. Yerv' fine flexible leads are brought from thc-se coils to 
fixed 'terminals. 
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The moving system is eutirely supported by a very short bronze urire niiieh is 
located at the center of gravity to minimize transfer of external vibrations. As each 
coil pulls or pushes in response to current fluctuations, tlie whole system tilts about 
its center of suspension. This it can do in any direction. Tlie three coils are sus- 
pended in the air gap of a powerful electromagnet which has a three-knobbed pole 
piece, one knob projecting inside each cap. It is the reaction between the magnetic 
flux from this electromagnet, passing radially through the sides of the caps and the 
coils, and the current in the coils, which produces the motion. This same magnetic 
flux generates currents in the caps and coils when they are in motion which damp 
their tendency to vibrate and to overshoot. Air trapped inside the caps by the 
close fitting (but not touching) pole knobs also contributes to tliis damping. The 
result is that in spite of the weight and speed of the movable system it does not over- 
shoot at all. A full deflection, approximateh', can be obtained in 0.018 second. 
When used in connection with the amplifier and the optical system here described, 
this galvanometer can register a deflection of as much as 4 cm. per millivolt of cur- 
rent obtained from the patient. The whole galvanometer, which weighs about five 
pounds, is loosely hung in a rubber sling. 



Fig. 3. — Diagrammatic scheme of the optical system of the monocardiograph. The 
light illuminates a -jiinhole, the image of which is reflected by the galvanometer mirror 
to a glane mirror and thence to the camera. The plane mirror is caused to 
oscillate bv a cam in such a way that the image of the pinhole on the camera 
moves at t’he same speed as the sensitive paper, 

3. The optical system (Fig. 3) is distinguished by its simplicity. INTo lenses are 
used, and only two reflecting surfaces are interposed between the lamp and the 
camera. The lamp, an ordinary concentrated filament lamp of 100-watt rating, il- 
luminates a hole about 0.3 mm. in diameter, placed as near the lamp as possible. 
Through this tiny hole the light beam from a portion of the filament is directed 
upon the galvanometer mirror. This mirror, 5/10 inch in diameter and l/o2 inch 
thick, is concave, and aluminized on its front surface. It projects an image of the 
pinliole on a moving photosensitive surface. This projected image is about O.o mm. 
in diameter and is bright enough to give good pliotograpliic records. Greater bright- 
ness can be obtained by nsing an are lamp, but this is not ordinarily necessarj . 

Before reacliing the photographic paper (or film), the beam of light from the 
galvanometer is reflected from a plane mirror also aluminized on its front surface. 
This plane mirror is caused to oscillate by a very accurate spiral step cam. The 
cam, driven by the same shaft wHeli drives the camera, sivings the plane mirror 
through a small angle at a constant rate, so that the spot of Hght on the photographic 
paper moves with the paper, and at exactly the same rate, for about 1 cm. Then 
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a strong spring causes the mirror to snap hack to its starting point in about 0,001 
second, and tlie spot again follows the movement of the paper. Although the paper 
in the camera moves continuously, it is as if it were moved along by periodic 
jerks 1 cm. in length and lasting 0.001 sec., with a stationary period between jerks. 
The recording is done during the stationary period. In effect, the duration of the 
stationary periods is varied only by varj-ing the speed of the motor. 

4. The camera (Fig. .3) is of the continuous motion type. The sensitive paper, 
or film, is G cm. wide and 200 feet long. It passes over a series of rollers which 
move it at a uniform speed. During this motion it is exposed to the light beam de- 
scribed above and then is passed into a storage receptacle from which it is eventu- 
ally removed for ordinary photographic development. The camera rollers are driven 
by a shaft actuated by a motor of adjustable speed. The speed of the motor is 
regulated by a rheostat. 




The operation of the monocardiograph is somewhat similar to the operation of an 
electrocardiograph. Electrodes are applied in the customary fashion to the two arms 
and the left leg. These electrodes are connected by a shielded cable to the amplifier. 
After turning on the amplifier, the lamp, and the galvanometer, the spot of light is 
centered on the camera by mean= of the potentiometers, and the amplification is ad- 
justed to the desired degree. The standardization of each lead is tested and recorded 
on the fir-t part of the film, after which the camera is allowed to run until a sutlicient 
number of beats has been recorded. 

Development and fixing of the photographic record follow. 


.SUJDL\Rr 

From the foregoing descrlpition it is evident that this instrument produces a curve 
by means descril>ed in as a ‘‘reversal of the proces.s by ivhich three Icad.s are 

derived from one heart,'- The three lead.? are first amplified; they are then syn- 
thc.sized into one single enn'e; .and finally this curve is recorded photographicjilly. 
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5rONOC.VRDIOGRAXIS 

Foi a clear iiiiderstaiiding of the records produced ])y the mono- 
cardiograph it is ad^^sable first to consider the record inscribed when 
the instriimeut is rnii without being coimeeted to a patient. Fig. 4 sliows 
such a record, a series of small sharp spots spaced about 1 cm. apart; 
it' is to be read from left to right. This spacing is produced by the os- 
cillating mirror previously described and is necessary for proper separa- 
tion of consecutive waves. If a stationary spot of light were focused 
on the continuously moving sensitive paper, the result would be a con- 
tinuous line, and any curves wliich might be produced would be distorted 
by the continuous movement of the tracing beam. The optical system 
used in the moiiocardiograph overcomes this difficulty by keeping the 
beam focused on one point of the moving paper for a definite period of 
time and then suddenly shifting the beam to a new center 1 cm. removed. 
Thus we obtain a series of frames similar to the separate frames of a 
motion-picture film. 



Fig:. 6. — Normal jnonocardiogram. The electrocardiogram of the same patient is 

shown. 


Fig. 5 shows a record of the standardization of tlie three leads, ob- 
tauied by introducing a standardizing current of 1 mv. into each of the 
three sets of amplifiers. The galvanometer deflections occur in three 
directions separated by angles of 120 degrees, or, in other words, in a 
way which corresponds to the three sides of an equilateral triangle. It 
can be seen that the galvanometer does not overshoot and that it is dead- 
beat. 

Fig. 6 illustrates the succession of events wlien a patient vith a fairly 
normal heart is connected. This record, reading from left to right, con- 
sists of a succession of small spots, or frames, and in addition there oc- 
curs at regular intervals a series of curves or waves, as follows ; 

(1) An auricular wave wliich corresponds to the P-vave of the electro- 
cardiogram. This wave is generaUy small and ill-defined with the 
amplification here used. In records of patients whose electrocardiograms 
show large P-waves, the monocardiogram shows distinct auricular waves. 
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(2) A large, smooth curve which represents the major electrical ac- 
tivdty of the ventricles, and corresponds to the QRS-wave of the electro- 
cardiogram. 

(3) A rather small wave which represents the terminal ventricular 
activity, and corresponds to the T-wave of the electrocardiogram. 

When the patient exhibits muscle tremor or .slight movements of the 
large muscles, the smaller waves of the monocardiogram are obscured, 
and only the main ventricular deflection is recorded clearly. Because of 
its magnitude and the ease with which it is recorded, this main complex 
is mo.st accessible for preliminary study. Most of our observations will 
center aroimd this paid of the monocardiogram. 

The relation.ship between the main deflection in the monocardiogram 
and in the three leads of the standard electrocardiogram is illustrated in 
Fig. 7, This flgure shows the monocardiograms of two patients, each sur- 
rounded by the three leads of the eorrasponding electrocardiogram, prop- 
erly arranged on the sides of Einthoven’s triangle. The flrst mono- 



FJg-, 7. — ^Kelationship of monocardiogram and electrocardiogram shown graphicaiiy 

by means of Einthoven’g triangle, 

cardiogram was not recorded in.strumentally, but was derived mathe- 
matically and geometrically from three .simultaneous leads of an electro- 
cardiogram originally published by Einthoven.® The second mono- 
cardiogram was recorded directly by connecting the patient to the mono- 
cardiograph, It can be seen that in each instance the central curve or 
monocardiogram represents a combination or fusion of the three leads 
into a single polar curve, or that, conversely, the three standard leads 
represent projections of the monocardiogram upon the sides of Ein- 
thoven’s triangle. EverL' monocardiogram can be similarly arranged in- 
side Einthoven s triangle with the leads of the corresponding electro- 
cardiogram arranged on the three side's of the triangle. 

It is to be noted that the monocardiogram does not have time lines 
.such as are easfomarily recorded on the .standard electrocardiogram. 
The monocardiogram, being a polar curve, uses both the horizontal and 
L'ertieal dimensions to indicate voltage. Becau.se of this it has a direc- 
tional significance which is obscured in the ordinary electrocardiogram, 
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ill which the horizontal axis is devoted to time indication and only the 
veitical axis can indicate voltage. The ordinarj’" electrocardiogram is 
especially well-suited to the recording of cardiac arrhythmias and curves 
in wdiieh measurement of the time element is important. The mono- 
caidiogianij on the other hand, is not w^ell-suited for time measurements, 
but is especially adaiited to measurements of spatial relations, such as 
changes in the cardiac axis, location of site of origin of extrasystoles, 
localization of myocardial impairment, etc. This wdll become clearer up- 
on study of the curves w^hich followA 

Nevertheless, there are in the monocardiogram certain indications of 
time relationships w^hieh wall repay study. With the camera running 
at any constant speed the spacing of the various waves wall give a fair 
idea of their temporal sequence. In studying a single w^ave one should 
remember that the darker or heavier parts of the curve represent the 
slower movements of the galvanometer, and tliat, w^hcn the galvanometer 



moves more rapidljq the resulting line is thinner and fainter. But 
there is one temporal relationship not recorded ])y the electrocardiograph 
w'hich is brought out clearly in the monocardiogram. This is indicated 
by the direction in wdiich the main deflection is traced. The main de- 
flection, being in most cases a closed curve, might obviously be traced in 
one of twm ways, namely, either clockwise or countercloclcwise. Either 
method of tracing would produce the same cui've, for the beginning and 
the end of the curve are in the same spot. It will be noted that in some 
of the records the tracing beam has shifted to a new- center or frame wiien 
the curve has been only partly traced. This produces a peculiar effect 
due to the fact that part of the curve is in one frame and the remainder 
in the foUowung frame. Obviously the part of the curve which is traced 
flrst appears in the first frame and the later part of tlie euiwe appears 
in the later frame. This division of the curve into twm successive parts 
gives information about which part of the curve is tiaced first, and 
thus show^s waiether the curve w^ns traced in a cloclavisc or countercloek- 

wuse direction. 
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Not all curves can be so interpreted. Some curves of peculiar shape 
are partly clockwise and ijartly eounterelockwise. It is difficult to fol- 
low the direction of S-shaped curves and very narrow loops, but the 
clockwise or counterclockwise course of the vast majority of mono- 
eai'diograms can be traced very easilj". 

The monocardiograms of two patients whose electrocardiograms arc 
fairly normal are reproduced in Fig. 8. Each record shows a main de- 
flection which has been recorded in two frames, and it can be seen that 
the curves are traced in a clockwise direction. Both records .shoAv main 
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9 . — Upper curve .show.s prominent T-wave. Eowor curve .shows counterclockwise 
direction of tlie m/iin deflection. 



deflections which are directed upward and to the left of the zero point 
or central spot, thus eorrcsiionding to a main deflection which is upright 
in Leads T and II of tlic electrocardiogram. The main deflection in the 
monocardiogram is a fairly smootli, rounded curve, without .sharp breaks 
or irregularities. The standardization of tliese and .succeeding curves 
is roughly Lviee normal, i.e., 1 mv. produces a deflection of about 2 cm. 
In .spite of this, the P- and T-defleetions are small. 

Fig. 9 shows the monocardiogi’am of a patient with prominent T-waves, 
The second monocardiogram is of interest because of the fact that the 
main deflection is traced in a counterclockwise direction. 
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Fig. 10 shows the moiioeardiogram of a patient in Avliose electro- 
cardiogram the E-wave was very low in Lead I and that of a patient 
with frank right veiitricnlar predojninaiice (this patient also has auricu- 
lar fibrillation) . In right ventricular predominance the main deflection 
of the monocardiogram is directed ui^ward and to the right, correspond- 
ing to an inversion of the main deflection in Lead I of the electrocardio- 
gram. 

"With left ventricular predominance the main deflection of the mono- 
cardiogram is directed to the left and downward, corresponding to in- 
version of the main deflection in Lead III of the electrocardiogi’am. 
Fig. 11 illustrates tliis, as well as the fact that most monocardiograms 
showing left ventricular predominance are traced countercloclrwise, in 
contrast to the clockwise direction of most curves with no predominance 
or right predominance. 



Fiff. 11. — Left ventricular predominance. 


Figs. S, 9, 10, and 11, when examined witli respect to the direction in 
whicli the curve points, indicate the cause for inversions of the main 
deflection in the electrocardiogram. When the monocardiogram points 
upward and to the observer’s right, as in Fig. 10, it is emdent that a 
projection of this curve upon Eiiithoven’s triangle will produce an in- 
verted main deflection in Lead I, as in riglit ventricular predominance. 
Wlien the monocardiogram points upward and to the observer’s left, as 
in Fig. 9, Leads I and II of the electrocardiogram will be upright, and 
the main deflection in Lead III may vary from the upright position to 
slight inversion. lATien the monocardiogram points donmward and to the 
observer’s left, as in Fig. 11, the electrocardiogram must show definite 
inversion of the main deflection in Lead III, as in left ventricular pre- 
dominance. 

The direction in which the monocardiogram points can be changed by 
forced respiration while a record is being taken, and this respiratory 
change affords a method of obseindng and measuring tlie respiratory 
mobility of the heart. 
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Fig. 12 shows two raonoeardiogram.s in Avhieh tlie main deflection 
does not fall into the simple classification pi-eviou.sly given. The clecli’o- 
cai’diograms o£ these patients are likewise anomalous. 

Thus far, all of the monocardiograms shoum have had main deflections 
of fairly smooth contour. The smooth contour suggests a smooth or 
regular spreading of the excitation wave through the ventricles such 
as normally occurs with an intact conduction system. Impairment 
of the intraventricular conduction .system or interference with the nor- 
mal mechanism of ventricular excitation may he expected to produce 
definite changes in the monocardiogram. On a priori grounds we would 



Fig. 13. — Intraventricular conduction defect.s. 


assume that, when the .spread of intraventricular excitation is seriously 
impaired, the main deflection of the monocardiogram will .show evidences 
of abnormality, such as peculiar or irregular contours. In actual rec- 
ords such evidenec-s of abnormality are commonly encountered in the 
monocardiograms of patients with intraventricular conduction defects. 
Not only do the main deflections in the monocardiogram assnime peculiar 
and bizarre .shapes, but the normally .smooth curve is often replaced by 
one of irregular, notched or eroded contour. The curves which follow 
illustrate conditions in which there is impairment or di.sturbanee in the 
normal mechanism of ventricular excitation. 

Fig. 13 illustrates this irregularity of the main deflection. The first 
curve .shows a main deflection which is fairly normal in contour through- 
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ont mosl of its course, but is suddenly interrupted in its terminal por- 
tion by an iiregular are wliieli is not a siiiootli contiiiuatioii of the pre- 
vious curve. This first curve also shovs left ventricular predominance 
and a prominent T-deiicetion which is inverted in Leads II and III 
of the electrocardiogram. The second curve shows a main deflection, the 
terminal third of which is distinctly irregular. Here again the T- waves 
are abnormal. 

The great variety of curves wliich corre.spond to intraventricular con- 
duction defects is illust, rated in Fig. 14. Here it is evident that those 
curves wliich in the electrocardiogram are ascribed to “arliorization 
block'* present in tlie monocardiogram a variety of alinormalities which 
will provide a separate field for study, classification, and interpretation. 



Fig. 14. — Cufves showing a variety of intraventricular conduction defects. 


Bundle branch block produces characteristic changes in the mono- 
cardiogram. In Fig. 15A"' the main deflection is directed doumward and 
to the observer’s left, ivhieli direction is the result of left bundle branch 
block, and in Fig. 15B the main' deflection is directed upward and to 
the right, indicating right bundle branch block. The patient whose 
monocardiogram is reproduced in Fig. 15B had a congenital septal de- 
fect. Roentgenl^j^mograms made by Dr. Seth Hirsch gave evidence of 
a definite delay in the contraction of the riglit ventricle. 

Acute coronary artery disease, as opposed to chronic myocardial 
damage, is laiown to produce gross changes in the R-T transition and in 
the T-waves of the electrocardiogram. The monocardiogram shows 


♦The courtesy of Dr. Ernst P. Boas made it nossible to obtain this record. 
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these changes in a characteristic Tvay. Fig. 13 shows abnormal T-waves. 
In normal monoeardiogi’ams the T-deflectioii points upward and to the 
observer’s left, as docs the main deflection. A T-defleetion which points 
to the right indicates an inverted T-wave in Lead I of the electro- 
cardiogram. A T-deflection which points horizontally to tlie left, or 
do'wnward, corresponds to inversion in Leads II and III of the electro- 
cardiogram. 

In Fig. 16A, from a case of coronaiy occlusion, the T-wave points to 
the observer’s right. The main deflection fails to return to the central 
(isoelectric) spot, indicating an abnormal take-off of the T-wave. Fig. 



Fig. 15A. — Loft bundle branch block. 



Fig. 15B. — Right bundle branch block. 


16B shows a T-wave which is directed downward and to the left, indi- 
cating inversion of this deflection in Leads II and III. In both of these 
curves the main deflections show evidences of abnormality. 

Extra-systoles provide a fertile field for monocardiographic study. 
Tlie direction in which the e.xtra.systole points gives evidence of its 
origin; one should always hear in mind that Binthoven’s triangle is so 
drawn that tlie right side is to the observer’s left, and vdee versa. In 
Fig. 17 tlie fir.st curve illustrates an extrasystole which apparently arises 
in the region of the right apex. The second curve shows an extTasy.s- 
tole which seems to arise at the left base. Fig. 18 illustrates the bizarre 
forms which extrasy.stoles sometimes assume. 
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In tlie following discnssion of the significance and uses of the mono- 
cardiogram, the author has made use of several hundred monocardio- 
grams taken during the past six years. The curves reproduced in this 



FI;?. IGA.- — Abnormal T-wavo of tlic typo generally ns.soclaled with anterior coronary 

clo.surc. 



Fig. IGB. — Abnormal T-\vave of the type generally a.'s.sociated with posterior coronary 

closure. 



Fig. 17. — ^Ventricular extrasystoles interiaipting sinus rhythm. 


article, although limited in number, will serve to illustrate many of the 
points here considered. 

Very early in the work evidence began to accumulate as to the direc- 
tional significance of the monocardiogram. About 1926, when the mono- 
cardiograph in its crude form consisted of a cathode-ray oscillograph 
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■\vitli l-vvo amplifiers but Avilh no permanent recording device, an oppor- 
timitj'- Avas presented for testing the directional significance of the 
curA'es. A patient Avho had had part of the left chest Avail removed some 
years preA'iously Avas the subject. In this patient the preeordium Avas 
eoA'ered only by fibrous tissue and skin, so that it Avas easy to produce 
extrasystoles by tapping lightly OA'cr the preeordium. It Avas not pos- 
sible to saj’’ Avith eertaintj'- AA'hieh A^entricle was being stimulated, but 
one could be reasonably certain AA'hether he AA'as tapping near the base 
of the heart or near the apex. The monocardiograms of these extra- 
.systoles AA'ere upright AA'hen the base of the heart AA'as tapped, inverted 
Avhen the apex AA'as tapped, and intermediate in form for intermediate 
points. Ea'cu before this it had become evident from direct obserAmtion 
that hearts of different shapes and sizes gaA^e quite different curA’^es and 
that right and left A-entrieular predominance produced characteristic 
elianges in the direction of the main deflection. . Forced respiration fre- 



Flg. 18 . — Bizarre type of ventricul.ar extra systoles. 


quently produced rotation of the monocardiogram corresponding to the 
IcnoAvn direction of anatomical rotation. 

These obserA-ations haA'e been confirmed and extended by a study of 
the recorded curA-es, so that it is noAV possible to say AA'ith reasonable 
assurance that the monocardiogram, as recorded, has a directional sig- 
nificance which is onl}' obseui-elA^ rcA-ealcd by the electrocardiogram. 
Tlie monocardiogram has sacrificed the time axis of the electrocardiogram 
and is therefore unable to delineate the arrhythmias, but in doing this it 
lias gained a second space axi.s, so that it is able to record spatial and 
directional relations AA'hieh haA-e hitherto been obscure. In the cuta'cs 
AA'hieh shoAV these spatial and directional relations, extrasysloles stand 
out as prominent and relatiA'ely simple examples. The monocardio- 
gram, as recorded, giA'es A'aluable evidence as to the site of origin of 
A'cntricular cxtrasystoles, and a classification of such extrasj'stolas ac- 
cording to the direction and shape of their monocardiograms should be 
of A'alue. 
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TJierc arc inaiiy Jess spectacular spatial and directional features of 
the nioiiocardiograni ^vllicll should reward the investigator. Tlie sig- 
nificance of clockwise or countercloelcwisc tracing of the various waves 
is obscure, but may be significant, and will probably repaj* careful 
study. Yentrienlai* predominance produces obvious changes in the mono- 
cardiogram, and, ii’ great accuracy is desii’cd, the direction in which 
tlie monocardiogi'am points can be indicated by degrees. Right and 
left bundle brancli block produce characteristic monocardiograms in 
wliich the activity of the intact ventricle obviously precedes that of the 
other. 

■Myocardial and coronary di.sease arc interesting fields for monocardi- 
ograjihic study. ..Xs wc have seen, monocardiograms of ‘‘arborization 
block’' reveal abnormalities of certain ])arts of the main deflection. A 
.study of these abnormalities may give valuable information, and the 
location of tlie le.sion in coronary artery disease may be ascertained with 
considerable ])recision. By taking monocardiograms from three points 
in a frontal x>lanc, iiistcad of the usual sagittal plane, further informa- 
tion about anterior and imsterioi* lesions may become available. 

Auricular flutter and fibrillation suggc.st further uses for the mono- 
cardiogram. AVith increased amid ificat ion and suitable patients, it is 
not unreasonable to expect that we may be able to investigate the circus 
movement of flutter and imssibly di.scover its location. The irregular 
circus movement of auricular fibrillation may yield records of interest 
and value. 

SUMAIARY 


After a discu.ssion of the lu'inciples underlying the monocardiogra])li, 
and a brief hi.story of the evolution of this instrument, a detailed dc- 
.scription of the instrument follows. Tlie nature of the curves obtained 
by means of the monocardiograph is explained, and examples are given 
of monocardiograms characteristic of normal liearts and those which 
show ventricular predomi!iance, “arborization block,"’ bundle branch 
block, coronary artery disease, and extra.systoles. 


The axitlior wishes to express his thanks and appi’cciation to .Tolm F, Pattee for 
his indispensable assistance in designing and constructing many of the parts of 
the monocardiograph, and to Dorothy Itolpli for iicr drawings. 

The construction of the monocardiograph was aided by a grant from the Eocke- 
feller Institute, to wliich tlic author wishes to express liis appreciation. 
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THE PKECOKHIAL ELECTROCARDIOGRAM IN MYOCARDIAL 

INPARCTION^it 


I. Observatioks on Cases With Infarction Principally op the 
Anterior Wall of the Left Ventricle and 
Adjacent Septum 

Charles E. Kossi^iann, !M.D., and Clarence E. de la Chapeixe, i\I.D. 

New York, N. Y. 

T his paper is the first of a series dealing with the potential varia- 
tions of six precordial points, and of the right arm, left arm, and 
left leg, in eases of myocardial infarction. Our work was an out- 
growth of the detailed experiments of Wilson, Hill, and Johnston,^ 
who have demonstrated^’ - that the chief difference between pre- 
cordial and direct leads is quantitative and that human prccordial 
electroeai’diograms are comparable to experimental direct leads in 
dogs. Between the two, however, there are several important differ- 
ences which will be pointed out later. In this work we have adopted 
the method introduced by Wilson and his associates'^ and used by 
Wilson® in his study of 60 cases of nijmeardial infarction. 

Our series comprises 127 eases of myocardial infarction. Of the 22 
patients known to have died, 17 were subjected to post-mox'tem exami- 
nation. Because an analysis of the necropsy observations is necessary 
for a proper understanding of the many cardiac factors which influ- 
ence the precordial electrocardiogram, these observations have been 
divided into several groups. The first group, with which this paper 
is concerned, includes 4 cases of infarction principally of the anterior 
wall of the left ventricle, in .3 of which the anterior portion of the 
interventricular septum was also involved. 

METHOD.S 

In each case the standard leads were recorded first. The potential variations of 
the right arm (V,.), the left arm (Vr.), tlie left leg (Vr), and of .six precordial 
points were then obtained by pairing an exjdoring electrode with a central terminal 
connected to the right arm, the left arm, and the left leg, through re.sistanees of 
5,000 ohms each. This method has been shown to yield curves which represent the 
potential variations of the exploring electrode; the central terminal remains at zero 
potential throughout the cardiac cycle.'* The following precordial points were ex- 
plored: the fifth rib at the right sternal edge (V,) ; the fifth rib at the left sternal 

•Prom the Hejiartnient.s of Medicine and Therapeutic.^, Xew York T'niver.sity College 
of Medicine, and the Tiiird fN'-w York Univer.slty) Medical Division and Laboratorle.s 
of Pathology of Bellevue Ho.spital. 

tA preliminary report wa.s pres'ented at the twenty-eighth annual meeting of the 
American Society for Clinical Inve.stigatlon, May 4, lOSO, 

^Received for publication .Ian. 31, 1038. 
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edge (V-) ; tlio filth intercostal space in the left parasternal line (Y„) ; the fifth 
intercostal space in the left niidclavienlar lino (Y^) ; the sixth rib in the left anterior 
axillary line (Yj) ; and tlie tip of the ensiform cartilage (Yj;). In taking the ex- 
tremity and precordial potentials the connections to the galvanometer were so 
arranged that a downward movement in the finished record represented positivity 
of the exploring electrode. ' 

The gtilvanometer was a Hindle No. 2 , made by the Caurbridge Instrument Co., 
and the string resistance was 4,000 ohms. The string was connected to the balanced 
plate circuit of a .‘=inglo-slagc vacuum tube amjdifier. Standard leads and ex- 
tremity potentials (Y,;. Yi,, Yr) were taken at normal, ])rccordial ijotentials at half- 
normal (1 cm. — 2 mv.), sensitivity of the siring. The exploring clcetrode was 
a piece of sponge moistened with saturated salt solution, which made contact in 
the lower end of an ordinary glass test tube with a German silver plate. 

At necropsy, the heart was opened in the usual way by following the path of 
the circulation. ^Macroscopic observations having been made and recorded, the 
specimen was fixed in Kaisorling I solution for a variable period, usually longer 
than twenty-four hours. Photographs were taken when indicated, and the heart 
was then sutured together again. At this stage the coronary arteries were examined 
by making transverse incisions cm. apart domi to the smallest visible branches. 
In every specimen an attempt was made to identify and study the following vessels: 
the left coronary artery and its branches, i.c., ramus descendeus anterior and its 
accessory branches, ramus circumfiexus, rami marginis obtusao, rami vcntriculi 
sinistri posterioros, and the ramus deseeudens jiosterior (when present) ; the right 
circumflex coronary .artery and its l>ranchos, i.e., rami antcriores, ramus lateralis 
(margo ucutis), ramus vontricuU dextri posterior, ramus descendens posterior, aud 
the rami vcntriculi sinistri po.«torioros. Needless to say, the course, particularly 
of the descending rami, and the number and size of rami of the main branches, 
showed some variations. The coronary arterial system of each heart was drawn 
diagrammatioally to scale with the lesions observed represented in code (Pig. 3 and 
legend). In every instance arterial abnormalities seen with the naked eye were 
checked microscopically. Even if no obvious change Avas encountered, sections were 
taken for microscopic study from the left and right coronary arteries, the ramus 
eircumfle.xus, the ramus descendens anterior, and the ramus descendens posterior. 
ifacrOHCopic abnormalities noteil in the coronary veins Avere similarly dealt Avith. 

The sutured heart Avas then placed in :i rotary slicing machine and cut into 
transveree sections approximately 1 cm. in thickness. The usual yield Avas six 
sections, although the number varied from five to eight, depending on the size 
of the heart. A basal section, approximately 3 to 5 cm. in thickness, Avhich included 
the aortic and pulmonary valves and the roots of the great vessels, remained. This 
Avas cut AA’iih a- knife into multiple sections so that no recent or old infarcts might 
be overlooked. The basal (proximal) surface of each section was photographed in 
such a Avay that in the finished picture the anterior Avail A\'as beloAV, and the left 
A’entriclc to the right (Pigs. 2, 5,-8, 10). 

Blocks for histologic study Avere cut from all diseased areas, as Avell as from 
representative portions of each A-entricle and from the interventricular septum, re- 
gardless of the appearance to the naked eye. In every case at least one micro- 

*The records w-ere. therefore taken and the letters Q, R, and S' assigned to the 
initial ventricular deflections as in the paper by Kossmann and Jolinston,'' Avliich deals 
Avith the curves obtained by, means of the same special leads In a series of normal 
.subjects. It has been recommended by the Committee on Precordial Leads of the 
American Heart Association that the galvanometer connections be made in the op- 
posite way, so that positiAuty of the exploring electrode Avill be represented by an up- 
AA-ard, instead of a doAvnAA’ard, deflection. Since the letters Q, R, and S haA'c been 
assigned as if the curA'os Avei'C reversed, the individual QRS deflections in our figures 
bear the names recommended by the committee. An initial .summit Is Q. a depression 
is R, and a summit preceded by a depression is S. With this nomenclature the RS 
or intrinsicoid deflection" is analagous to the intrinsic deflection^ of direct leads. 
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scopic section of tlio aorta and one section of the auricular muscle were made. 
Duplicate sections '.vere stained with heinjitoxylin and eosin and tvith a combined 
van GieHou-''iVeigert elastic tissue .stain. A few were stained for fat with Sudan JIL 
In Case 2, the relationsliip of each of the prccordial leading-off {mints to the 
heart was ascertained by introducing a blunt probe perpendicular to the chest 
trail before the autojtsy wa.s j>erfonned. Figs. 5 and G .siiow where the probe pierced 
the heart. 


UEFOIiT OF CASES 

C.tSK 1. — C. A.J a man GG year.s old, fir.‘;t noted .‘symptoms of diminished cardiac 
reserve in .January, 103.5, following an upper respiratory infection, and on April 1.3, 
19.3.5, he had .symptoms of coronary occlusion. \Mien he was admitted to the hos{)ifal 



I'lS'. 1--— Ca.ee 1. Photo.^'raph of .heart lookingr into the cavity of the left ventricle. 
The anterior w-'Ul is to tne lefa old tbrombu-s can be .seen adherent to the inter- 
yentncular septum, anterior waU, and entire apex. .Scatrin-.^ and thSnnina of the 
myocardium are visible. Thiekenesl e.ndocaruiurn .chows an irreyalar 


April 20, 19.35, he had moderate rmngestive hwart failure with pronounced mental 
symptoms, e.g,, lethargj-, dul!nei.s, di.sorieritation, and memory defects. The h«irt 
was .slightly enlarged, and the .sounds were di.stant. There wa.s a .sv.stolic murmur 
at the apex and another in the aortic area. The precordium .seemed to be tonflcr 
to pre-syure. The heart was healing regularly 100 tirne.s a minute. The blood 


pre.s=.ure was 1-50/10G. Tlie mean blood prfts.sure over a period of a month fdailv 
mea.?urement£) was 1.3e/90. A blocei Wassennann te,.t was negative. 

The heart lailure was progre.^sive. JJeginning April 2.3, the patient wa.s digi- 
talize! raxndly and tlicreafter given .3 grains (2 cat onits j d.aily. Fluids were 
admini.stered parenterally, and the blood nonjirotein nitrogen, v.'hich was GO mg. 
{K-r cent on adraLs.^^ion, fell to -32 rag. p-er cent, but the j.citicnt developed dccu’oitu.s 
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ulcers aiifl Ciieyno-Stokos respiration, ami died of pulmonary edema May 2o, 1935, 
jive months after the Hvst symptoms of hctirt disease, and forty-two days after 
the onset of symptoms of coronary occlusion. 
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Necropsy . — Tlic heart weighed 490 grams. The pericardial surfaces were smooth 
except near the ai)ex, where there was an area of fibrinous exudate measuring 3 cm. 
X 3 cm. The valves of the heart and all of its chambers, except the enlarged left 
ventricle, were normal. The myocardium of the lower two-thirds of the anterior 
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portion of the interventricular septum and the apical one-third of the anterior left 
ventricular wall was replaced hy firm, grayish-white tissue measuring about 4 to G 
mm. in thickness and located approximately 5 mm. subjacent to the cpicardium. 
The endocardium of this area was thickened and covered with a large, firmly ad- 
herent, grayish-red thrombus of irregular outline (Pigs. 1 and 2). 



In the transver.«e sections (Fig. 2) the myocardial infarct extended 7 cm. proxi- 
nially from tlic apex. Its circumferential extent varied from 10 cm. in the apical 
.section (Fig. 2, section jf) to u cm. at a level 02 mm. (Fig. 2, section (!) from the 
apex. In the two apical sections the infarct involved almost the entire thickness of 
the anterior and lateral walls of the left ventricle, only 1 to 1.5 mm. of subepi- 
cardial muscle remaining. In the more proximal sections the area of infarction 
was confined to the anterior wall of the left ventricle and to the left side of the 
anterior portion of the interventricular septum (Fig. 2, sections 5, d, and 7). 
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KnOocarilial sclerosis was prominent over tliosc portions of t.lio left ventricle in- 
volved by tbe infarct. The right ventricle was nnchangod. 

Histologic, examination of tissue removed from the transverse sections verified 
the macroscopic findings. Atost of the infarct in the loft ventricle was healed. 
In its peripheral portions org-anization was still in progress. 

Alacroseopic examination of the coronary vessels revealed marked atherosclerotic 
changes of the right and loft coronary arteries and their branches (Fig. 3). 

Aticroscopic examination indicated that the occlusion of the ramus descendens 
anterior 3 cm. from its origin was due either to eccentric intimal hj^'perplasia or to 
an organized thrombus. In its acce.ssovy branch a recent thrombus occluded the 
greatly, narrowed lumen. The ramus de.scondens anterior was obviously the vessel 
of supply in the infarcted area. 



Fig. 4. — Standard electrocardiograms (I. II, 111), extremity potentials (Vn, Vl, A''r). 
and precorcllal potcnllaLs (Vi, Vn. Vs. V^, V.-.. Vn) in Case 3, taken seventeen days after 
the onset of symptoms typical of coronary occlusion. Tlie patient wa.s completely 
digitalized. The standard leads and extremity potentials were recorded with the 
string at normal sensitivity ; tlie precordial potentials were recorded at half-normal 
sensitivity (1 cm. = 2 mv.). An upward dcnection in the special electrocardiograms 
represents relative negativity of the exploring electrode. Initial ventricular deflec- 
tions are named, therefore, in a reverse manner (see footnote on p. 701). Time lines 
occur every 0.2 sec. 

Unless otherwise stated, the symbol.s, .string sensitivity, connections to gal- 
vanometer, and time lines are the same in all subsequent electrocardiographic illus- 
trations. 


Elccirocardiograms . — Nine standard electrocardiograms were ob- 
tained, all of wliicb showed sinus rhythm, low amplitude of both the 
initial and final ventricnlar deflections, and inversion of T 3 . Curves 
taken after April 23 showed some depression of RS-T in Leads I and 
II, but this was probably due to digitalis and was not great, as com- 
parison with the curve taken before the institution of therapy showed. 

Preeordial and extremity potentials were recorded on April 30, 
1935, seventeen days after the probable date of coronary occlusion, 
seven days after digitalis was begun, and twenty-five days before 
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death. These are shown with tlie standard leads obtained on tliat 
date in Fig. 4. Tlie extremity potentials, Vjt, Vj„ Vj.-, ave of low ampli- 
tude. Also, as would he expected from tlie degree of left axis devia- 
tion shovm in the standard leads, the potential ol. the left arm is posi- 
tive and that of the left leg negative during the inscription of the 
initial ventricular deflections. 

The precordial potentials (Vi, V2, V.-*, V4, Vr„ Vk) ai’e distinctly 
abnormal. All of the initial ventricular deflections begin v.'ith a nega- 
tive wave, Q. In Leads V 4 and A’".-, this is small and not definitely 
outside normal limits. From points on the right side of the preeor- 
dium (Vi, Vo, VrJ it is the only QRS deflection, fn Lead Vo it is fol- 
lowed by a small positive deflection, R. The final ventricular deflec- 
tions are abnormal in the leads from the right side of the precordiura, 
but little significance can be attached to this aVmormality because the 
patient was eompletelj' digitalized. 

Case 2 . — ,T. ilcE., a wliite male vagabond 54 year.s of age, bad eaten irregularly 
for a year. There were no indications of heart discaKe until Feb. 8, 3930, when at 
3 :00 p.M. .symxdoins tyjjical of coronary oeclu.sion became manife.st. He was ad- 
mitted to the ho.sx>ital February 9. The princixjal physical tinding.s were malnu- 
trition, enlargement of the heart, and marked .sclero.si.s of the peripheral ves.sel.s. 
The heart was beating regularly at a rate of 88 per minute. On adnii.ssion, the 
blood pre.ssure was 328/88, and the mean of seven blood pressure remlings wa.s 
13G/.89. 

A tcleoroentgcmogram made on February 38 showed enlargement of the heart 
and .sclerosis of the aorta. The erythrocyte count was 2,330,000, and the hemoglobin 
58 per cent (Dare). A Idood Wa.s.sermann test was negative. 

>Signs of congestive heart failure, which were absent on admission, developed 
rapidly with the patient at rest in bed. 33igit:ilis, first administered February 38, 
jirodueed only slight and temporary improvement. .Shortly before death, icterus, 
hypothermia, and signs of cerebral anoxemia developed. Death occurred on Feb- 
ruary 23 from congestive heart failure, fifteen days after the onset of .symptoms 
of coronary occlusion. 

Necropsy . — The heart weighed 480 gm. The pericardium was normal. All of 
the valves and chambers were normal except the left ventricle, which was moderately 
dilated and hyx)ertroj)hied, measuring 10 mm. in thickness at the b:ise. Its anterior 
wall and the adjacent anterior portion of the interventricular sejAum were mottled 
in afjpearance, and di.stinetly softer and thinner than the rest of the myocardium. 
The columnac camcac were flattened. Tlie infarct extemled from a level 2 cm. 
below the mitral ring to within a centimeter of the ape.x. 

Examination of the transwerse sections tFig. 5) revealed that the area of soften- 
ing and mottling (outlined by broken white lines in the figure) extended from the 
apic.al level to within a few centimeters of the ba.'-e of tlie heart, 8 ern. in all. In the 
apical section (Fig. 5, section I) if involved {iractically the entire circumference 
of the left ventricle. Pro.xinially, the circurnfercmtial involvement diminished, i.c., 
to 8 cm. in .section G cm. in section 4, and 1 cm. in the basal section. In the 
apical sections the infarct was largely siibendofuirdial, bef;oming more intramuscular 
at higher levels but not reaching the epicardinm at any point. Section.s S, 4, fj, 
and C .showed distinct thinning of tlie anterior part of the .‘•optum, and in the last 
.section the adjacent anterior walls of both the right and left ventricles were con- 
siderably thinner than usual. 
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Histologic examination of tlie transverse sections revealed a recent, organizing 
infarct involving the area described. A small mural thrombus was seen in an 
apical section. In all sections the eiucardium was thickened, except over the 
posterior wall of the left ventricle and over the right ventricle, and consisted of 
widely separated collagen fibers; many injected vessels and diffuse lymphocytic 
infiltration were also present. In a section through the lateral wall of the left 
ventricle fibrin was present on the epicardium, and there were a few invading his- 
tiocytes, but the infarcted area did not extend to the epicardium. 

The area not involved by the infarct contained scattered foci of interfascicular 
and interstitial fibrosis. There were numerous arterioles wliich showed considerable 
reduplication of tlie internal elastic layer. 

Gross and microscopic examination of the coronary arteries (Fig. G) revealed 
severe atherosclerosis. The ramus descendens anterior of the left coronary artery 
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Fig. G. — ^Diagrammatic representation of heart .and coronary arterle.s in Ca.se 2. 
I.resIons in the arteries are indicated by the code used in Fig 3. Vi, V-, Vs, V<, and 
Vs indicate wliere a probe wliicli was pu.slied perpendicularly through the chest wall 
at the .same precordial points from which Leads Vj through Vs were recorded (see 
Fig. 5) pierced the epicardium. When the probe wa.s Introduced at the enslform 
process, it did not touch the heart. Inset in the upper right-hand corner is the 
.section obtained by cutting through the dotted line shown near the apex. It cor- 
re.sponds to section 2 of Fig The infarct is represented on It by solid black. 
The figure is Intended to show particularly the .spatial relation.ship to the heart of 
tlic precordial point used to record Lead V» (fifth interco.stal space in the left para- 
sternal line). 


beginning at a point a few miUimeter.s beyond its origin was occluded by a recent 
tlirombu.s, 2 cm. long. The lumen of tlie right coronary artery was reduced in 
pdace.s to slitlike i)roportion.s. 

Elccirocardiograms.—Fouv standard electroeardiogram.s were taken 
between Feb. 10 and Feb. 22, 1936. All sliowed sinus rhythm and left 
axis deviation. The initial ventricular deflections were similar in all, 
exhibiting low amplitude with a small Q-wave, and a small .slurred 
R-wave in Lead I ; a prominent S-wave was present in Leads II and 
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KOSSIMAXX AND I)K LA CHAPELLE: 

III. Tlic T-Avavc was inverted in Lead I in all curves, but in Leads II 
and III it varied a little, fuially becoming upright as indicated in 
Fig. 7. The electrocardiograms, in short, showed a QiTi pattern, with 
a small Qi. 

The extremity and prccordial ])otentials (Fig. 7) were recorded on 
Feb. 22, fourteen days after the appearance of symptoms of coronary 
occlusion, and one day before death. In the preceding four days the 
patient had received 21 grains (13 cat units) of digitalis by mouth. A 
study (unpublished) whi(^h we have made oi\ the effect of digitalis 
on precordial potentials leads us to tliink that; tlris amount probab].y 
had little effect on the final ventricular deflections in this ease. The 



Pier. 7. — Case 2. Standard and .special olcctrocardtoKram.s recorded fourteen days 
after the occurrence of coronary occlusion. 

minor changes in the T-waves in the standard leads folloAviiig digitalis 
therapj^ support this belief. 

The extremity i)otentials were of the type seen with left axis de- 
viation. However, in contrast to Case 1, the potentials of the left arm 
and left leg showed small initial deflections opposite in direction to 
the chief deflection. Stated symbolically, Vr. shoAved a small Q fol- 
loAved by a prominent R, and Vp shoAved a small R foIloAA’-ed by a 
prominent S. 

The precordial potentials Avere similar to those of Case 1 Avith the 
folloAving differences: In Leads Vo, V^, and Vp, there Avas a small 
initial positiA^e deflection (R-AvaAm) ; Lead V.i Avas similar to Lead Va 
in Case 1, and both AAmre similar to curves obtained experimentally^ 
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from the margin of a recent infarct; there was considerable positive 
displacement of RS-T in Leads V2 and Yz, less in Lead V4; in Lead Yr, 
the T-wave was negative (upright). 

Case R. — J, a wJiite man 41 years of age, was a chronic alcoholic who had 

been drinhing steadily for four or five weeks. The patient’s ijcrsonal history was 
unreliable, but apparently he had had teinporaiy edema of the face and feet in 
November, WoS. 

He vras drunk when he was admitted to the Bellevue Ps\'chiatric J’avilion ,laii. 
10, 1930, and had edema of the ankles, enlargement of the liver, and evidence of 
peripheral neuritis. The edema was thought to be nutritional because he had hypo- 
proteinemia, a low or inverted albumin-globulin ratio on various occasions, and a 
history of inaderjuate diet. After four day.s of rest and an adequate diet the 
edema disappeared, and tlie xmtient was allowed out of bed. On January 20 he 
was observed to have dyspnea and c%'ano.sis, during which he complained of pain 
over the precordiuni and his blood pre.ssure fell. He passed through several similar 
ejjisodes in the next few days. Signs of congestive heart failure appeared, and on 
.January 2.1 he was digitalized. During that day he expectorated blood. Several 
subsequent hemopty.'-es were interjjretcd as indicating pulmonary infarctions. 

Four roentgenograms taken at different times showed enlargement of the heart, 
dilatation of the aorta, and bilateral idcural effusion. The iJeurae were tajjped 
on several occasions. A blood Wassermann test was negative. 

Signs of heart failure imrsisted. The jdeural effusions became purulent, and 
cultures of the fluid revealed streptococcus viridans. The imtient died of conge.stive 
heart failure and chronic bilateral empyema ifay 27, 19.30, four months after the 
onset of symiJtoms of myocardial infarction. r 

Necropsy . — Tlie Iiejirt, wliich weighed 480 gm., v.-as greatly dilated, especially 
the left auricle. The mitral orifice measured 31 cm. and its valve.s sliowed moderate, 
diffuse thickening. The chordae tendineae and papillary muscles were prominent. 
The endocardium of the left ventricle was .smooth except at the junction of the 
anterior wall and the intei ventricular septum, wlierc it was thickened and overlaid 
by a grtiyisli-red, firmly adherent thrombu.s. A small area of endocardium mar the 
apical jjortion of the jmsterior wall presented the same changes. 

Examination of the transverse sections (Fig. B) showed the endocardium as an 
irregular, broad, white band over the areas mentioned. .Small jjatches of adherent 
thrombus were seen over these area.s. In section 4 (30 to 40 mrn. from the apex) 
the endocardium ajqieared as dense white tissue, 2 mm. in thickness, from which 
Ininds of similar tissue extended into the myocardium. The musfde thus delimited 
presented a yellowi.^^h-gray mottled appearance. Tliis zone measured 3x4 mm. 
Similar but smaller aresis were .seen in the corresponding portions of firoximal .sec- 
tion.s (Fig. .8, section 0). 

Histologically, s^airring of the endocardium, together with superimposed organ- 
izing mural thrombi, w.as seen, and there were several corre.sfjonding .subendocjirdial 
foci of necrosis in tlie myocJirdiurn, Both walls contained dense, avascular, collagen 
scar.-', chiefly subendocardial, which rei>resent€<l healed infarcts. In one of the 
anterior wall scars two arte.rioles, occluded by canalized thrombi, were seen, 

^facro.scopic and hi.stologic examination of the coronarv- arterie.s revefiled mild 
focal atherosekTo.si.s, At the origin of the ramus de.scenden.s poBterior (of the right 
coronary artery) there was eccentric atherosclero.sis which involved a few' milli- 
meters of its course and dirnini.shed its lumen by one-half. Tlie left coronary artciy 
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was Uihi-waBca mul pnUnii, 1ml its ramus (lesecmlons autevior sliowecl in llio first 
centimeter o£ its course a large, ccceutriu, yelUnvisli-wluic plaque -vvliicli nurrowea 
the lumen considerably/ 


Elcciroeardinfirams. — Ten slaiulnrd elect roeavdiojiTanist. nil allowing 
sinus rliTthnn Aveve Tceerded at intcvYuls t)£ 'approximately ten days. 
Only tlic livst, taken dan. 24, lt>3(i, was obtained heJ'ove any digitalis 
liad been given. Its detleetions were of low amplitude in all leads, 
bnt displayed a Qi4’i pattern. All snbse<jnent standard leads were 
similar to tbose shown in Fig. th which was tstlcen February 18. The 



Fig". S. — Section.s of tbe licnrt in C.'isc 3. Only three of the .seven wliioh were 
obtained are .‘;tiown. Basal surfaces are seen ivitli rintorior ■wall beiow. Tlio loca- 
tion of the thickened endocardium and the thin l;v>'er of subendoc.ardial ftbrosi.s arc 
indicated by white arrow.s. 


initial ventricular deflections were of abnormally small ampliinde. In 
Lead III the chief, and usually tbe sole, initial deflection was down- 
ward, but III a few electrocardiograms this was preceded, and in one 
it was followed, by a small summit. Tlie KS-T segment was sliglitly 
depressed in Leads I and II. The T-wave was loiv or isoelectric in 
all leads. 


nnusuiU feature.s of lids case were myocardial infarction witliout coronai-y oc- 
bilateral empyema associated with multiple necrotic pulmonary infarcts. 
The latter has been discussed elsewhere.® 
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The extremity and precordial potentials were obtained twenty-nine 
days after the probable date of myocardial infarction. Although the 
amplitude of QRS was small in both, the relatively small size of the 
E-wave in leads from the first four precordial points was the striking 
feature. In Lead Yr„ E- was preceded by a small Q-wave. 

The form of the initial ventricular deflections meant little because 
the patient was fullj^ digitalized %vhen the sjiecial curves were recorded. 

Case 4. — C. W., a man 7G years of age, had siiitered since 1928 from po.st- 
prandial pain which i-adiated to the chest. ^lay 24, 3930, lie was awakened from 



Kig. 9. — Ca.se 3. .Standard .and .special electrocardiograms recorded twenty-nine 
day.s after the probable date of myocardial infarction. The coar.se oscillations in 
fvcads Vi and Vj are artifacts. The patient was completely digitalized. 


his sleep by svTnptoms which were suggestive of coronary occlusion. The next day, 
after the symptom's had abated, he entered the hospital. Roentgenologic examina- 
tion showed that his heart was enlarged. The ventricuhir and pulse rates were 
84 per minute. The blood pressure on the day of admission was 200/135, but fell 
five daj’S later to 120/80, where it remained. There was no evidence of congestive 
heart failure. A blood \Va.“serniann reaction was negative. 

The patient’s two months’ stay in the ho.spital was uneventful e.xcept for brief 
prccordial and epigastric pains radiating down the left arm on .Tune 5 and again 
on June 12, 1930. On each occasion there was a leueoeytosis and moderate rise 
in temperature. 
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The putiont. returned to the honpitnl Sept. 17, lOaO, comphunhiK of ^'epigustrk 
distress’- AvliieU disuppenred nfter two weeks oC rest in bed, and ngnin Nov. la, 


indti, with .‘^ymptonis and signs oi 


e.ongestivo hear*, failure. Digitali.s was given 



without benefit. Death occurred Nov. 28, 19CG, iivc months after the first signs of 
coronary occlusion. 

Necropsy . — The heart weighed 450 gm. Tlie anterior wall of the left ventricle 
was the seat of many healed infarcts. Most of the midportion of the anterior 
three-fourths of the interventricular septum was replaced by a healed infarct (Fig. 
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jO). MicroHcoi)ically, liealed lesions as well as recent subendocardial changes were 
found in the posterior wall of the left ventricle. Tlie latter -were seen only in 
the basal half of the licart, wherc;u5 the healed infarcts of the anterior wall and of 
the inten-entricular sex)tum were found at all levels from apex to base (9 cm.). 
Organized mural thrombi were present in the anterior and septal walls of the 
left ventricle and in botli auricles. TJic coronary arteries were sclerotic. The 
right coronary and ramus descendens of the left were almost completely occluded 
just beyond their origins. There %vas moderate narrowing throughout the entire 
extent of the circumflex branch of the left coronary artery. Xo recent or organized 
thrombi could be identified. 



Fig. 11. — Case 4 . Ktandard and special electrocardiograms recorded five days after 
the occurrence of coronarj' occlusion. 

Electrocardiograms. — Tiveiity-fotu* staiidfird eleetroeardiograni.s, the 
fir.st on ^May 25, ]936, were recorded during the three liospital adinis- 
.sions. All showed sinus rhythm and marked left axis deviation. In 
general, tliey were similar to the curve shown in Pig. 13, e.xcept that 
after the fir.st electrocardiogram the amplitude of the initial ventricular 
deflections dimini.shed. The QRS interval was 0.3, see. in the curve 
shown in Fig. 13, but it increased later. Puring the la.sl month of life, 
before any digitalis Iiad been given, the P-R interval increased from 
about O.IC or 0.17 sec. to 0.19 or 0.21 sec. 
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KOSSMANX AXD IMi T^A CUl APKliLl-: : 

The extreniily end precordiel polenlials were lekeii fh'c days after 
the coronary oeehision and five nionilis hefore death (Fig. 11). The 
potential of the left arm was posilhm, and of the left leg, negative, 
during the. inscription of The ]n'ecordial potentials were un- 

usual. The R-wave Avas ah.sent in Lead Vi, which was abnormal. The 
R-Avavc in Leads V^, Y.-!, and Vn were abnormally .small, and the S-wave 
in Leads Y-j and Y;. al.niormally large, as .iudged by the criteria of 
Kossmann and Johnston. The KS detleetion in all loads was Avithin 
normal limits, hoAvever. The negative displacement of RS-T in Lead 
Y.}, the negatiA*e T-wave in Leads Yn, Y.(, and Y,-.. and the diphasic T 
in Lead Y-^ Avere abnormal. 


msf'USsiON 

The Prec.nrdial Leads , — The deviations of the preeordial elect rocar- 
diograjn frojn nmanal in ex]ierijnenta! and elinic-al myocardial infarc- 
tion have re«*ently been summarized by Wilson,^ Exjierimental residts 
in the early and late stages are quite const.ant. although acceptable 
explanations for some of the phenomena observed are lacking. The 
Avork of AYilson. Hill and Johns! oid on dogs makes the following 
facts available: (1) Direct leads from infarcted areas Avhich extend 
through the entire thickness of the A'cntricnlar Avail yield curves 
Avhicdi are characterized by a large initial negative detleetion, Q, 
followed by a shalloAv. rounded, ))osi1ive R8-T and T. Absence of 
the normal initial positive deflect io.n (1{-Avave) is due to absence of 
electrical forces normally contributed by the involved muscle. For 
the .sake of convenience this curve may be called the “central” type 
since, it is obtained oA'cr the center of an infarct,. (2) Curves obtained 
by direct leads from regions in which only the innei* layers of muscle 
are infarcted may have a QRS group confoi-ming to one of several 
patterns. It may consist of a single negative deflection, Q, Avith a 
pimninent notcli on its second limb. The notch may extend beyond 
the base line, in Avhich event an R-AvaAm and a true intrinsieoid’’ oi* 
RS deflection is ])rescnt. In curA'es of the latter type the final nega- 
tive deflection is occasionally missing, leaving only Q and R. In areas 
yielding curves of these types the RS-T segment is usually flat, and 
the T-Avavc is negative and prominent. These changes in the final 
Amntricular deflections arc attributed to disturbances affecting the 
recoA^ery process in damaged muscle at the margins of the infarct. 
They are seen during subacute stages of infarction and are temporary. 
These several varieties of curves may be called “marginal” types 
because they are obtained by leading from the margin of an infarct. 
(3) Electrocardiograms similar in form to those described are ob- 
tained AA'heii the exploring electrode is separated from the epicardial 
surface of the heax't by a gauze pad Avet AAoth physiologic saline or b^'^ 
the tissues of the chest Avail. 
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The preeordial electrocardiograms in our fii-st tivo cases are similar 
in many I’espects to the various experiinenlal curves described by 
Wilson, Johnston, and Hill. In the fir.st case (Pig. 4 ) Leads Vi, Va, 
and Vk are similar to direct leads from the center, and Lead V- is 
similar to a direct lead from the margin, of an infarct. The latter 
consists of a large Q, a .small K, and an intrinsicoid deflection v/hich 
just returns to the base line, so that an S-wave is absent. The small 
Q-vave in Leads V4 and Yr, is not quantitatively beyond normal limits.^' 
Digitalis probablj’- had considerable effect upon the flnal ventricular 
deflections. However, it is to be noted that the position of the RS-T 
segment and the position of the apex of T are both reversed in Leads 
Y4 and Vr, as compared with Leads Vi and V2. 

In the second case (Fig. 7 ) Leads Yo, Yz, and Vk, which are of 
the “central” tj'pe, differ from those in the previous case in that they 
show a small R-wave. This deflection sometimes occurs in direct leads 
from the center of an infarct,^ but its origin is not known, A “mar- 
ginal” curve, in this instance with an S-wave, is seen in Lead V4. 
The abnoJTnally positive RS-T segments in Leads V2 and Yz are in 
striking contrast to the relativelj' normal ones in the standard and 
extremity leads. The “marginal” curve (V4) has a po.sitive T, but 
its form is transitional between the relatively normal positive T in 
leads from points farther to the right and the abnormal T in Lead V5 
farther to the left. 

An interesting observation in these two cases is that an infarct 
which was limited to the left side of the interventricular septum and 
to the anterior v.'aU and apex of the left ventricle yielded chest 
leads of the “central” tjqie, e.speeially over the right side of the 
precordium. This, together with the fact that v/e had observed simi- 
lar curves in a large number of cases diagnosed clinically as coronary 
occlusion, led us to perform the previously described probing experi- 
ment at necrop.sj- in Case 2 in an effort to ascertain the anatomical 
relationship of the preeordial points to the heart surface (Figs. 5 and 
()). At the left steimal edge and in the left parasternal line (Leads Ys 
and V3) the probe entered the heart at the base and at the apex of 
the right ventricle, re.speetively : in the midclavieular line and in the 
anterior axillary' line (Leads V4 and V.-,) it pierced the apex of the 
left ventricle; at the right sternal edge (Lead Vj) it entered the right 
auricle; and at the tip of the ensiform (Lead Yz) it did not touch the 
heart at all. Admitting that certain errors exist in .such a procedure, 
it seems certain that the fir.st three leads (Yj, Yz, Yz) were semidirect 
leads from areas of the heart surface to the right of the anterior 
interventricular groove. 

The exidanation for the “central” type of potentials in leads from 
tlie right half of the precordium in eases without infarction of the 
right ventricle is lacking, but, when this matter is considered in the 
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light of other observations, we suspect that such curves are due to the 
fact that infarction of the left side of the anterior interventricular 
se]-)tum has destroyed the electrical forces normally contributed by 
that side. 

Whatever the correct explanation may be, the subject has consider- 
able practical importance, for occasionally the E-wave is missing in 
Leads Vi, end Yk? ond is small in midprccordial leads in cases 
with marked left ventricular hypertrophy.®’* The preeordial poten- 
tials in cases of myocardial infarction can usually be differentiated 
from the.sc by the similar absence of the E-wave in one or several of 
the remaining leads or by the presence of a marginal*' pattern in 
one of these leads; furthermore, in acute and subacute stages of an- 
terior infarction the siieeial electrocardiograms may frecpiently show 
an abnormal T-wave different from that seen in left ventricular hyper- 
trophy. 

The last part of this statement may be amplified by considering the 
chest leads in Case 4 (Pig. 11). The abnormalities of the initial 
ventricular deflections, including the absence of a true intrinsicoid or 
ES deflection in Lead Yj, are not specific, for, as already noted, they 
are seen in cases of left ventricular hypertro])hy. The weight of the 
heart was 450 gm,, and hypertrophy of the left ventricle was moder- 
ate, It was doubtful, therefore, if these changes were independent of 
the infarct. The abnormal final ventricular deflections, on the other 
hand, arc similar to those obtained after recent infarction of the an- 
terior heart wall and ai-e unlike those encountered in left ventricular 
enlargement. ^Vith the latter, a negative T-wave is found only in 
those curves obtained from precordial leads well to the left, where the 
E-wave is of considerable magnitude. In the ease under discussion 
an abnormal T-wave occurred with a small E-wave in Leads Y^ and 
Y-j. Presumably, more definite changes in the initial ventricular de- 
flections were absent because the infarct was located well back in the 
septum, Avas patchy in distribution, and was well surrounded b^'- nor- 
mal muscle fibers, especially in its anterior portion. 

The third case (Pigs. 8 and 9) is unusual in several i-espects. The 
important abnormalities of the special electrocardiograms are the 
small B-Avave in leads from the midprecordium, and the short ES 
deflection in Leads Y 4 and Yr,. The T-avrA'C is abnormal on the left, 
but at least part of this abnormalit 3 '' can be attributed to digitalis. 

It may be Avorth AAdiile to speculate on the cause of the small K-AvaAm. 
Since in direct or semidirect leads this deflection dejiends on electrical 
forces generated bA’- the passage of excitation through the adjacent 
A’'entricular Avail, it might, theoretical^’’, be diminished in at least 
three Avaj^s: (1) by fmictional reduction of these forces, (2) by re- 
placement of large numbers of muscle fibers by fibrous tissue, and (3) 
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by subendoeardial infarction of such limited degree and extent as to 
diminisli or delay the electrical forces normally contnbnted by the 
involved muscle. Oi'dinarily a direct lead in the region of such an 
infarct yields a "marginal” type of curve ndth a pi-ominent initial 
negative deflection.’^ Li the circum.stances ln’’pothe.sixed, it might give 
an R-\vave of small size. In the pi'esent case it seems that the sclero- 
sis of the endocardium vrith involvement of a thin layer of adjacent 
myocardium, principally in the anterior wall of the left venti-icle, and 
the multiple foci of scarring in the .saine region are sufficient to ac- 
count for the observed diminution of the R-wave. One cannot be sure 
that these are the only factor.s, for the chest wall lies at some distance 
from the epicardial sui-face, and the effect of the variables which this 
.spatial relationshi]) introduces has not been ascertained. The miliary 
foci of neero.sis seen at necrop.sy are of no significance so far as the 
curves presented are concerjied, for the latter were j'ecoj'ded thi'ee 
months before death. 

If the possible factors listed in the preceding paragraph are actually 
operative, it would appear that the alniorrnalities in the chest leads in 
Case 3 are not specific for myocardial infarction. In support of this 
contention we may refer to another case, not included here, in which 
the preeordial potentials were very similar to those shown in Pig. 9. 
At necropsy the myocardium was the seat of advanced perivasculai' 
and interfascicular fibrosis eau.sed by pi'ogressive eoronaiy athero- 
sclerosis and presumably by previous rheumatic infection. It is there- 
fore possible foi' a small initial positive deflection to occur in leads 
from the middle or left side of the precordium when there is diffuse 
replacement fibrosis of the underlying ventricular wall. Obviously, 
the importance of being able to differentiate this clinically from a 
.small subendocardial infarct is negligible. 

The infarct in Case 2 was subendocai-dial, involving in most loca- 
tions half or less of the thickne.ss of the ventjdcular wall fPig. .5). 
The chest leads showed a small R-wave in Lead V-j and Lead V:> fPig. 
7). The theory advanced above does not satisfacto7-ily explain this 
small R-wave because it does not account for a typical “marginal” 
type of curve in Lead V^. Ikloreover, it was showii at ncci-opsy in 
Case 2 that the two leads mentioned were probably' semidirect leads 
from the right ventricle. This, as indicated earliei*, further compli- 
cates the naatter. h'or the pi'e.sent, the facts maist be accepted without 
complete e.xplaaiatiou. 

The Jlclolivc Yalv.c of Leads From One or Severed Freerjrdvd Points, 
— It is well-known that infarction of the myocardium occasionally 
causes charaeteri.stic changes in the initial and final ventricular de- 
flections of the precordial electrocardiogi'am when such changes are 
partially or completely absent from the standard leads .^2 ^ jg 
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SO wcll-kiiowii Hint suc}i cliangcs are frequently definile at several 
precordial jiomts and absent or indcrinite at others. If a single apical 
lead bad been taken wilb a small exploiang electrode, tlie curve ob- 
tained in all of; the four cases ju-esented would have been similar to 
that from tbe anterior axillary line (Lead Vr,). because the apex beat 
was well beyond tbe midelavicular line. In all four cases Ibis lead is 
nearly tbe same (Figs. 4, 7, 0, 11). Tbe abnormal T-wave indicates 
merely an abnormal recovery process wbicb migbt, be due to almost 
any cause wbatsoever, including digitalis medication, while tbe QKS 
group, consisting principally of a large K-wave, gives no bint of tbe 
degree ot ])atbologic ebanges wbicb are clearly reflected in leads 
taken further to the right in three of the cases. Tbe small Q-wave of 
this lead in Cases 1 and 11 is within in)rmal limits."’ It would seem 
that the six leads used in tbe present- work arc not necessary in every 
case, but it is nevertiudess (dear that a single apical lend must often 
give incom])lete or incomdnsivc information. 


SU-AIjrARV 


Tbe potential variations of tbe extremities and of six preeordial 
points were correlated with the pathologic ebanges in four eases of 
infarction principally of tlie anterior wall of the left ventricle and, 
with one exception, of the anterior portion of tbe interventricular 
seiitum. 

Til tbe precoi-dial electrocardiograms “centrar’ and “inarginaF’ 
patterns of tbe initial ventricular detlections similar to those obtained 
by ’Wilson, Johnston, and Hill in direct, and semidirect leads in ex]ieri- 
mental infai’ction were easily recognized. The necropsy observations, 
however, indicate that several factors in addition to those held re- 
sponsible for such envves in animals are probably of imjiortanee in 
human subjects. . 


Ill cases of infarction of tbe myoeardinm the additional and more 
conclusive information given by scvei-al loads, as compared with a 
single precordial lead, is made evident. 


The authors are grateful to Dr. Frank jg. AVil.soii for helpful criticism au<1 
suggestions. 
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ACCURACY IN DIAGNOSIS AND LOCALIZATION OP 
MYOCARDIAL INFARCTION*" 

Harold Feil, ]\I.D., E. H. Cushing, M.D., and J. T. Hardesty, ]\LD. 

Cleveland, Ohio 

T ins report is a correlation of the clinical, electrocardiographic, 
and i)athologic ohservations in Ihirty-fonr cases of acute myocardial 
infai’ction studied at Lakeside Hospital. Special consideration has 
been given to the validity of the electrocardiographic evidence, both 
as to diagnosis and localization of the infarcts, and to errors in 
interpretation. 

The subject of electrocardiographic changes in ac\itc experimental 
and clinical myocardial infarction has been reviewed by Crawford and 
his coworkers, ^ Barnes,- Wolferth,-'^ and Wilson and his associates.*’’ 
Post-mortem examination of the heart in cases of myocardial infarc- 
tion occasionally reveals no ohstrnction of ma.joi’ arteries. The area 
of infarction, therefore, is of prime importance, and the electrocardi- 
ographic diagnosis mnst relate to the area, rather than to occlusion 
of any particular coronary artery. The single infarctions are usually 
located in (I) the anterior, lateral, and apical part of the left ventricle 
(usually caused by obstruction of the anterior descending branch) ; 
(2) the postei’ior and basal portion of the ventricles (usually caused 
by obstruction of the left circumflex branch and occasionally by occlu- 
sion of the right coronary artery or the right descending branch) ; 
and (3) the intervcntricnlai’ septum (supplied by the septal branches 
of the right and left coronary arteries). Acute infarcts may be single 
or multiple, and may occur in hearts which are already the seat of 
old infarcts. 


EXPERUrENTAL CORONARY AR’CERY OCCLUSION 

The electrocardiogram of acute experimental occlusion is character- 
ized by a monophasic S-T and in man}’’ instances by the appearance 
of Q or an increase in the depth of an already existing Q. The infarct 
may be localized by studying the pattern of tlie changes in the Q-wave 
and S-T segments. Septal infarcts are often betrayed by prolongation 
of the P-R interval, dropped beats, A-V block, bundle branch block, 
or intraventricular block. Tlie electrocardiographic changes caused 
by experimental occlusion of specific arteries are given in Table I. 

_ *Prom the Department of Medicine of W'e.stern Reserve University Scliool of Medi- 
cine and from Lakeside Hospital. 
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Glhical Elcdrocardlograpliic Evklcnec of Infarction. — Herrick,'^ in 
an important paper, described tiie clinical and electrocardiograiiliic 
signs of aente coroiiarr occlusion. It remained for Pardee® to re- 
emphasize tlic importance of the elect rocardiograpliic evidence and 
to study the localization of the infarcts on the basis of previous ex- 
perimental vmrk. In one of his cases thei-e vas pathologic eontirraa- 
tion of the elect rocardiographie diagnosis, both as to the presence and 
location of the infarct. Pardee was the first to correlate the location 
of the infarct in the heart with the electrocardiographic pattern. 

Parkinson and Bedford-' classified the electi'ocai'diographie changes 
in their cases of recent coronary thrombosis as R-Ti or R-Tn, depend- 
ing on the characteristic elevation of R-T in tlie named lead of the 
standard electrocardiogram. They also divided the T-wave changes 
occurring two or three weeks following the infarction into Ti and T,-; 
types, depending on whether T was negative in Lead 1 or Lead 3. In 
four of their cases antopsy confirmed their diagnoses. Wilson-'’ divided 
the changes into Qi and Q,-; types; Q, associated with anterior infarc- 
tions and Q;i with posterioi- iiifarctions. Bariies.- in an extensive study 
of antopsy cases, found that it was possible to localize the infarcts 
with great accuracy. He concinded that the R-Ti type was initiated 
by anterior and apical infarcts (caused by oeclnsioii of the anterior 
descending branch), and that the R-T;; type was caused by posterior 
and basal lesions, the resnil of occlusion of either the right coronary 
artery or the eirenmfiex hi-anch of the left coronary artery. 

Wolferth and Wood^® increased the accuracy of electrocardiographic 
diagnosis, including localization, by the use of chest leads. In a recent 
report Wolferlld^ presented the electrocardiographic changes due to 
combinations of anterior and posterior infarcts, showing that the effect 
of the anterior infarct predominated and that the elevation of R-T 2 
was greater than that of R-Ti. 

Septal infarcts usually produce electrocardiograms showing various 
stages of A-Y heart block or bundle branch block. Gross^^- stated that 
the upper septal branch comes from the right circumflex artery and 
anastomoses with tlie corresponding branch of the left coronary artery. 
He also stated that the right bundle branch is supplied invariably by 
one of the earliest bi-anehes of the anterior descending branch of the 
left coronary artery, and that the left bundle branch has no specific 
blood supply. lYliite^-'* reported bundle branch block as one of the 
rapid changes in the electrocardiogram in a case of recent coronary 
thrombosis. 

Table II correlates the electrocardiograiihic iiatterns in our cases 
with the location of the occlusions and infarcts. 

Judging from exj)erimental and clinical studies of recent myocardial 
infarction, a correct diagnosis and an accurate localization may be 
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Table II 


niAGXOSIS 

AIIEA.S or ACUTE 
INFAIICTIOX 

AREAS OF 

OLD INFARCTION 

ARTERIES THROMBOSEU 

1. Ant. and 
apical 

P. inotexix abscess 
in anterior and 
apical portion of. 

It. ventricle 


None 

2. Post, and 
basal 

(c) 

Left ventricle. Ant. 
and post, at base. 
Upper of sep- 

tum 

Left ventricle 
ant. and post. 
Focal in upper 
% of septum 

JieceiU in rt, and left cir- 
cumfle.x coronary. 

Old in right coronary 

'.j. Anterior 

(c) 

Lower % of left 
vent, ant. 

Lower % of septum 

In rt. and It. 
vent. post. 

Jloccnt in ramus desc, of 
left. 

Old, right coronary artery 

4. Anterior 

Lower of It. and 

rt. vent. ant. 

Entire septum 


Jicccnf, left coronary 

5. Anterior 

(b) 

Lower % of It. vent, 
ant. 

Lower y^ of rt. vent, 
ant. 

Ant, lower % of sep- 
tum 

Ant. left vent. 

llcccnt in ramus descen- 
dens of left coronary 

Old in ramus dcscendcns 
of left coronary 

G, Po.sterior 


(.3 mo.) at 
post, wall of 
left vent, at 
apc.v 

None 

7. Anterior 

W 

Lower % of It. vent, 
anterior 

Focal in septum 

Upper Ifj of It, 
vent. 

Post, upper 
post. J,f{ of 
septum 

Old, right coronaiy 

Old, ramus de.sccndens of 
left coronary 

8. Anterior 

Lower % of It. vent, 
ant. 

Entire septum 

Lower y of It. 
vent. ant. 

Lower y, of rt, 
vent. ant. 

Jlccent, ramus desc. of left 
coronarj’ 

Old, right coronary 

.0. Anterior 
8eptal 
(b) 

(‘0 

Lower % It. vent, 
ant. 

Lower % It. vent, 
post. 

All of septum 

Focal of rt. 
vent. ant. and 
post. 

Recent, ramus desc. of left 
coronary 

Old, right coronary 

10. Anterior 
Posterior 
(e) 

At tip of It. and rt. 
vent, ant. 

At tii> of septum 
Below sulcus It. 
vent. post. 


Recent, small branches 
(microscopic) 

11. Anterior 
(«) 

Lower % of It. vent, 
ant. 

Ant, lower 14 and 
post, upper % of 
septum 

Upper y> It. vent, 
post. 

Biglit auricle lat. 
portion — micro. 

Lower % of It. 
vent, ant. 

Rernota, ramus descendens 
of left coronaiy 


(a) bundle branch block (d) Xo chest lead 

<b) Intraventricular block (e) Prolon;red P-It Interval 

(c) Auricular fibrillation 
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Table II — Cont’b 


, , KCG. 

C VS5K 

DIAfiNOSIS 

ALLAS OP AOt'tn 
IXFAUCTIOX ' 

AKKAS OP 

01-t* JNPAliCTlON 

ALTKLIK.S TII I;0.^f aO.SF.D 

y2. Posterior 
Septal 

At base of loft vent, 
post. 

Upper 3 )ortion of 
sepiniii 

Alultiple of It, 
vent, ant, 
.Multiple, of It. 
vent. 

JU'veni, right coronary 

Old, left c.ircnmtlcx and 
ramus do.scendens of left 
e.oronary 

lo. Anterior 

Lower 2 .;^ of left 
vent. ant. 

Lower of .‘^epltan 

Upper If, It. 

veni. ])ost, 

Local of It. 

vent. ant. 

Post, of upper 
i;'{ of sept. 

llvccni, ramus dcseendens 
of h?ft coronary 

Old, riglit coronary 

]•!. Anterior 

Lower of It. vent, 
ant . 

Lower Vj of rl. vent. 
Lower i,{j of si'ptiim 

Focal and nnilt. 
of It. vent, 
ant. 

Fo<‘a] and mult, 
of It. vent. 

JHlSt . 

]!('cvnt, ramus dcseendens 
of loft coronary 

Old, right coronaiy 

lo. Posterior 

Upper ■>({ of It. vent, 
post. 


7iV;(V))/, left coronary 

Ki. Anterior 

Lower % of It. vent, 
ant. 

Lower % sejitinn 
Lower % If. v<'nL 
post. ' 

Focal of It. 

vent. post. 

Focal of .‘•ep- 
tum 

Jlcccid, ramus dcseendens 
of It, coronary 

Old, right coronary 

IT, x\nterior 

Ltwov % It. vent, 
ant. 

Diffuse of It, 
vent. .'inl. 

Ji’ecoif, rannis .descondons 
of It. coronary 

18. Anterior 

At apex of It. vent, 
ant. 

Tip and niar/jin of 
septnin 


Jlcct nl, vamns dcseendens 
of left coronary 

19. Anterior 

At apex of It. vent, 
ant. with ruptnre 
Tanver if. af septum 


liicrnt, ramus descendens 
of It. eor. 

11* cent. It. circumflex 

20. Anterior 

At a 3 )Ox of It. vent, 
ant. 

At apex of rt. vent, 
ant. 

Ant. apical portion 
of septum 


JU'cenl, ramus descendens 
of It. coronary 

21. Posterior 

Post, wall of It. 
vent. post, repre- 
senting the lesion 
responsible for the 
recent, infareiion 


Jlecr.ni, right coronary 

Old, right coromuy 

Old, left circnmtlox 

22. Posterior 
Septal 

Alnltiple throuI?hout 
botli vent, and sep- 
tum 


liccevi, right, coronary 
Jlcxcmt, left coronary 

23. Posterior 

(c) 

(d) 

Posterior wall of It. 
vent. post, and 
postpapillary 
muscle 

Fibrous of It. 
and rt. vent, 
ant. and post. 

Eccent, almost complete 
atheromatous occlusion 
near origin of right 
coronary 

Old, marhed coronary 
sclerosis 
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T^ujle II — Coxt’d 


CASE 

24. 


25. 


26. 


27. 


28. 


ECG. 

DIAGNOSIS 

AREAS OF ACUTE 
IXEARCriOX 

AREAS OF 

OLD INFAItCTIOX 

ARTERIES TURO.MBOSED 

Anterior 

At apex of It. vent, 
ant. 

Posterior wall 
of It. vent. 

llncent, ramus descendens 
of left coronary 

Old, right coronary 

Anterior 

Apical region of It. 
vent, ant. 

Almost entire sep- 
tum 


Jleceni, 8 cm. from origin 
of ramus de.scendens of 

It, coronary 

Post and 
basal 

Post, jiortion along 
margo obtusus of 
l.v, from base to 
apex 

Tiiroughout l.v. 
from base to 
apex .show 
small scarred 
areas 

Marked .sclerosis, tip of 1, 
cor. In places less than 
1 mm. in diameter 

Anterior 
and apical 

L.v. ant. with area 
2 cm. in diam. of 
softening at a})ex. 
Mural thrombus on 
endocardium at 
this site 

Throughout en- 
tire l.v, is the 
scat of old 
fibrosis 

In de.scendens just after 
its division from It. cor. 
a large rmicified plaque 
was found and lumen at 
this point was less than 
1 mm. Immediately 
distal to the plaque the 
artery was occluded for 
1 cm. by a white 
atheroma 

Posterior 
and basal 

In posterior wall of 
rt. vent, near post, 
portion of septum 
an area of 2.5 cm. 

Posterior one-half 
of .“cpturn from 
base to apex 


None 


attained in a liigli percentage of eases. The infarcts may be ioealized 
clinically as anterior, posterior, combined anterior and posterior, septal, 
and auricular, and the vessel which is occluded may often be named, 
but there are eases in which the thrombosis involves only the arteriolar 
supply of the area infai-ctecl, leaving the laj'ge vessels patent. Arterial 
anomalies may likewise introduce errors. Abscesses and metastatic 
tumors of the heart may pi’oduce electrocardiographic ehange.s re- 
sembling those of infarction. 

.^lETHOD OF TAKING EI.ECTROOAKDIOORA JIS 

The records include the conventional Jemls in all ca.ses and, in most in.stfince.s, 
chest lead.s. The latter were taken frojn the fifth left co.stal cartilage and from 
the apex, u.sing the right arm wire for the exploring electrode and the left leg 
wire for the indifferent electrode. Following IVihson ’.s method, we liave recently 
changed the connections so that an upright deflection now indicates relative posi- 
tivity of the precordial electrode. We have been using the left arm wire for the 
exploring electrode and the right arm wire for the indifferent electrode. In four 
imstances a comidefe precordial sun'ey was made by the technique of Wilson,’-* 
ernploj-ing the central terminal for the indifferent electrode (E.A., L.A., and L.Tj.). 
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Tlnrty-fouu eases of acute myocardial infarction, in Avliicli the diag- 
nosis was substantiated at autopsy, were studied. Tliere were twenty- 
nine males and five females. Four patients were colored. In three 
instances electrocardiograms had been taken previous to the occur- 
rence of the infarct. The electrocardiographic diagnosis of recent 
infarction was correct in twenty-eight cases (82.05 per cent). (Table 
III.) 

Table III 


Ri';su.m6 of Tire Pathologic Findings 


Ar.KAS OF FATH. 

IXFAr.CTlOK I.OC.ALIXATION 


KCfl. 1.0CAliIZATJ0N 


KKnons*' 


Anterior 

(5 

i. 

2 (Gases 
c and f) 

Posterior 

.0 

5 


Anterior anti po.s- 

1 


3 (Case b) 

terior 

Anterior and septal 

1 

3 

(30 diagno.sed anterior) 

2 (Cases c 
and d) 

Posterior and septal 

0 

1 

(1 diagnosed posterior) 


Anterior, po.sterior, 
and septal 

i 

1 (diagnosed ant. and post.) 

2 (diagnosed po.st. and 
septal) 


Anterior, posterior, 
septal (hasal and 

1 

1 (diagnosed posterior and 
septal) 


apical) 

Anterior and pos- 
terior at apex and 
septal and auricular 

0 

3 (diagnosed anterior. Case 

11) 

1 (diagnosed posterior and 
septal, Case 10) 



*Tl>c55e case-s art: dlscus.sed separately later in llii.s paper. 


Table IV shows which arteries Avere thrombosed. The frequency of 
multiple thromboses is evident. Infarction of the right auricle oc- 
curred in two cases (Cases 10 and 11 ). In Case 11 , auricular fibrilla- 
tion with frequent ventricular extrasystoles was present. There was 
also infarction of the anterior lower third and of the posterior upper 
third of the interventricular septum. In addition, there was old and 
recent infarction of the lower third of the left ventricle anteriorly, 
and recent infarction in the upper third of the left ventricle poste- 
riorly. A partially occlusive thrombus Avas found in the anterior 
descending branch, midAvay betAveen its origin and the apex, together 
AAdth seA^ere generalized coronary arteriosclerosis. In Case 10 the 
electrocardiogram (Fig. 1) sIioavs regular sinus rhythm, sinus arrest, 
ventricular escape, and prolongation of the P-R interval. Ti is tall 
and peaked; S-T 2 and iS-Ts are monojihasic; and Q 3 is abnormally 
deep. Lead lY, taken from the fifth left costal cartilage, shoAvs a 
deeply negative monophasic S-T. Lead V, from the apex, shoAvs an 
elevated and monophasic S-T Avith a sharply negative T. The chests 
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Case 0 
Cases 0 
Case 27 

of Thromhosex in ?'adi Corotinrif Artcri/ 



FEIIj ET AU ; ACCURACY BIAGNOSIS OP :^rYOCARDTAE INFARCTION (ZU 

leads (lY and V) ^Yere recorded willi the right, arm wire attached to 
the exploring electrode. Autopsy .shoAYed tiiat there ^Yas a recent 
infarct of the lower third of the anterior portion of both ventricles 
and the tip ot the septum. There Avas another infarct in the posterior 
and central portion of the heart involving the left ventricle and 


1 ! 








septum. There Avas clotted blood, much of Avhicli Avas hyalinized, in 
tlie interstices of the muscle bands of the right auricle. The small 
coronary tAvigs in this area shoAA’-ed marked sclerosis and thickening. 

Cardiac Rhyihm. — ^Regular sinus rhythm Avas found in 27 cases; 
A'-entrieular extrasystoles Avere present in 7 eases; and auricular fibril- 
lation AAms present in 5 eases, 2 from the begimiing of the infarction 
and 3 during the progress of the illness. A-V nodal rhAdlim occuri’ed 
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in 2 cases; in one of these it was replaced by regular sinus rhythm, 
and in the other it changed to auricular fibrillation. Auricular flutter 
occurred in one ease, to be superseded later by normal rhythm. 

Axis Deviation . — ^Left axis deviation occurred in 18 eases, right axis 
deviation in one ease, and no axis deviation in 15 cases. 

Conduction Defects . — Complete A-V block occurred in one ease; in- 
traventricular block, in 4 cases; left bundle branch block, in 4 cases; 
and right bundle branch block, in one case. 

Value of Chest Leads . — In 4 cases the diagnosis could be made l)y 
che.st leads alone. In none of the eases were the chest leads normal. 
Of 28 cases in which the electrocardiographic diagnosis was confirmed 
post mortem, the conventional leads were diagnostic in 19. In 4 of 
these cases the che.st leads (from the fifth left costal cartilage and 
from the apex) made the electrocardiographic evidence more convinc- 
ing. Evidence of po.sterior infarction was obtained more frequently 
in the lead fTom the fifth left co.stal cartilage, and of anterior infarc- 
tion in that from the apex. 




Fif?. 2. — CaKC a. see text. 


EUROR.S IN ELECTROCARDIOGRAPHIC DIAGNOSIS 

1. (Case a) ^I., aged Go years, v/as admitted to the ho.sidtal becau.se of coa- 
gestive cardiac failure due to arterio.sclerotic disea.se with moderate hyperten.sion. 
The patient vras digitalized and died of progressive failure on the fourth hospital 
day. The electrocardiogram (Fig. 2) showed auricular fibrillation, left axis devia- 
tion and frequent ventricular extrasy.stolcs. There v.'as nothing in the ventricular 
complex to suggest old or recent myocardial disease. Po.st-mortcm examination; 
Heart weight, 445 gm.; old and recent infarction of the anterior and lower third 
of the interventricular septum and of the left ventricle near the apex. The anterior 
de.scending branch .showed arteriosclerotic changes but no thrombosis. This error 
may have been due to the lack of che.st leads. 

2. (Case b) M., aged G1 years, wa.s admitted to the ho.spital with congestive 
cardiac failure of eight montlis' duration. There was a history of retrosternal pain 
four days prior to admission to the hosjjital. The patient had been digitalized 
before admission. The clinical diagnosis was arteriosclerotic heart disease with hy- 
pertension, and diabetes mellitus. For four raontlis the patient had slight jmecordial 
pain which radiated to his left arm. Four or five days jirevious to admission, he 
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becfiJiic tlyspneic aiul liad precordial pain. There was slight peripheral edema. 
Blood pressure was l-iO/80. He received digitalis and salyrgan; on the third hos- 
pital day he Avas placed in an oxygen tent but died on the fourth hospital day. 
The electrocardiogram (Fig. ;iJ), taken one month before admission, showed left 
axis deviation, S-T, depressed 1,5 mm., S-T, depressed 0.5 mm., S-T^ elevated 0.5 
mm., and S-T^ depres.‘'’od 0.5 mm. (riglit arm AA’ire exploring electrode and left leg 
Avire Indifferent electrode). An electrocardiogram taken on tlie second liospital day 
(Fig. ?>B). shoAved normal sinus rhythm, left axis deviation, a F-R interval of 0.21 
sec., S-T, dopre.ssod 1 mm., S-T. very slightly elevated, S-T^ elevated 1 mm., notch- 
ing of QRS in all leads, and a diphasic T-wave in the chest lead. The voltage was 
reduced. The definite changes in the second record, i.e., the elevation of S-T„ and 
S-Tj Avith depression of S-T„ suggested posterior infarction, but this evidence Avas 



Fig. 3. — Case b, see text. 

not sutBcient for a positive diagnosis. At autopsy, the heart, which Aveighed 650 gm., 
shoAved mural thrombi in the right auricle and right A’cntricle, old fibrosis of the 
septum, a large infarction both old and recent in the posterior portion of the right 
ventricle near the base, and an old infarction with a recent spotty infarct of the 
right ventricle anteriorly. An old thrombus in the right coronary artery was over- 
laid by a recent occlusive thrombus. The right auricle Avas infareted. Marked 
calcification and atheromatous changes Avere seen in the other coronary arteries. 
Although the electrocardiogram Avas not definitely diagnostic of recent infarction, 
the rapid change should have aroused strong suspicions. 

3. (Case c) !M., aged 59 years, was admitted to the hospital Avith an attack of 
seA'ere dyspnea which had lasted three Aveeks. Substerhal oppression occurred a few 
days before admission. Tlie blood pressure was 180/140. On the fifth hospital day 
the patient died suddenly wliile expelling an enema. The electrocardiogram taken 
on the second day of hospitalization shCAAmd regular sinus rhythm and left bundle 
branch block (Fig. 4A). A second record taken on the fifth hospital day (Fig. 4B) 
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showed regular sinus rhythm. The hundlc braneh block had disappeared. Occa- 
sional ventricular extrasystoles were seen. Tlie chest lead (anteroposterior) showed 


****??**?******«**••***•> 




Fig. 4. — Ca.se c, .see text 


Fig. a. — Cfi.se «3, .see texE 

no Q-w.'ive, and 6-T wa.s dejwe.s.sed 1.3 inin. The rapid diange.s in the electrocardio- 
gram and the ab.=ence of Q, were diagno.stie of recent infarction of the anterior 
surface of the heart. The temporary left bundle brancli block was diagnostic of 
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septal infarction. Post-mortem examination revealed tliat tlie heart weighed 660 gm. 
Old and recent infarction of the septum (left side) and old and recent infarction 
of the anterior portion of the left ventricle were found. A recent thrombus was 
present in the anterior descending branch of the left coronary artery. 

4. (Case d) M., aged 67 years, was admitted to the hospital because of severe 
retrosternal pain for eight hours. There was a liistory of postprandial retrosternal 
]>uin which had increased in frequency for a period of two years. On admission to 



the hospital he had congestive cardiac failure. The blood pressure Avas 16S/116. 
Death occurred on the seventh hospital daj’’. The electrocardiogram taken on the 
first hospital day (Pig. 5A) showed regular sinus rhythm, Avidening of QBS,, and a 
Pardee type S-T, and S-T„ Avith inversion of T. No chest lead was taken. This 
record suggested a remote myocardial infarct, invohdng the anterior portion of the 
heart. A record taken on the third hospital day (Pig. 5JJ) shoAved regular sinus 
rhythm and defective conduction in the right bundle branch. The previously nega- 
tive T, became positive. A record taken on the fifth hospital day (Pig. 5C) showed 
no changes in Leads I, II or III, but the chest lead (anteroposterior) showed no Q, 
and T Avas upright and tall. Clinically, this patient had coronary thrombosis, and 
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tliis diagnosis was coniirmed by tbe rapidly changing electrocardiogram. This case 
might well have been included with those which were diagnosed correctly. Post- 
mortem examination showed that the heart weighed 500 gm. and that there were old 
and recent infarcts of the lower anterior third of the septum and of the lower half 
of the left ventricle anteriorly. A recent thrombosis was found in the anterior 
descending branch at its origin. 

5. (Case e) P., aged 01 years, was admitted to the hospital for the first time 
because of cardiac decompensation. The clinical diagnosis was arteriosclerotic heart 
disease with hypertension (blood pressure, 170/115). The electrocardiogram shov/cd 
regular sinus rhythm and left bundle branch block (Fig. OA). The patient was 
digitalized and discharged as improved. Again, five months later, she was admitted 
because of cardiac decompensation and severe precordial pain. A friction rub was 
heard on the second hospital day. The patient had leucocytosis, a little fever, and 



heart failure. A clinical diagnosis of old and reramt myocardial infarction was 
made. The electrocarfliogram showed wandering pacemaker and left bundle branc.h 
block (Fig. GB). A record taken on the second hospital day showed, in addition, 
ventricular e.xtrasystoles. Eleven days later there occurred a varying intraventricu- 
lar conduction defect (Fig. GC), and twenty -se\-en days later the record showed a 
striking change, again with evidence; of intraventricular conduction disturbances 
(Fig. GD). The congestive failure grew worse steadily, and the patient died one 
day after the last record was made. The post-mortem examination showed that the 
heart weighed 450 gm., and -was the seat of dilfuse myocardial fibrosis and a recent 
infarct at the tip of the left ventricle. jVn old and recent thrombus was found in 
the anterior descending branch 3 cm. from its origin. 

G. (Case f) M., aged GO years, was admitted to the liosjntal because of moder- 
ated- severe substernal jjain radiating to the left arm. The pain lasted three days. 
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Three years previously he had had an attack of indigestion vrhich confined him to 
bed for two days. Subsequently the patient had been in good health. The clinical 
diagnosis at the time of this admission was arteriosclerotic heart disease with hy- 
pertension (blood pressure 190/110), coronary sclerosis, and recent coronary occlu- 
sion. The electrocardiogram on the first hospital day showed normal sinus rhythm 
and left axis deviation; Qj was present; S-T, was very slightly elevated; T^ was 
inverted; and T^ was upright. (The right arm wire was connected to the exploring 
electrode and the left log wire to the indifferent electrode.) (Fig. 7 A.) A diagnosis 
of myocardial disease was made. A record two days later (Fig. 7B) was much 
the same. The abnormalities were consistent with myocardial changes due to fibrosis, 
the result of remote coronary occlusion. T!ic clinical diagnosis of recent coronary 
occlusion was not confirmed by the electrocardiogram. One day later the patient 
died suddenly. Post-mortem examination showed that the heart weighed 500 gra. ; 
it was the seat of fibrosis in the greater part of the septum, and there was evi- 
dence of a remote infarct in the left anterior half of the septum; old and recent 
inf arcts , wore found in the anterior surface of the left ventricle, and rupture of the 
myocardium through the central part of the infarct (over the anterior papillary 
muscle) had occurred. There was calcification of the left circumflex arterj' with 
recent thrombosis of the other coronary arteries. 

DISCUSSION OP ERRORS 

The records of patients tvitli hypertensive arteriosclerotic heart disease, 
especially tvhen digitalis has been administered, may be somewhat con- 
fusing. Atypical curves suggesting po.stcrior and basal infarcts may be 
due to acute right ventricular strain caused by recent multiple pulmo- 
nary infarcts. In the curves of the latter condition there is a deep Si, 
and the depression of S-Ti and elevation of S-Tn are not striking. In the 
chest lead the typical S-T deviation is not present (Barnes^^’)- 1*61*1- 
carditis with and without effusion causes elevation of S-T, bnt this is 
nsnally present in all leads and there is no complementary depression. 
Likewise the chest load is helpful, as it is not always monophasic. The 
history in all of the above conditions may assist in the diagnosis. 

In six patients (Table V) having myocardial infarction at post- 
mortem examination, the electrocardiographic charges w^ere not suf- 
ficiently definite to confirm the clinical diagnosis of coronary occlusion. 

In summary, one error may have been due to lack of chest leads. 
In one case with successive records the diagnosis could not be made. 
In four cases there was suggestive evidence which, if taken with the 
historj’- in three cases, should have led to the diagnosis of recent 
coronary thromhosis. In the one ease in which successive records were 
made and no electrocardiographic evidence of recent coronary- throm- 
bosis was foTind, necropsy disclosed fibrosis of tlie septum, old and 
recent m3^oeardial infarction near the base and old infarction of the 
right ventricle anteriorlj', with recent Sfiotty infarction in the same 
area. This anterior and posterior infarction of the riglit ventricle, 
both old and recent, maj’- have been responsible for the absence of 
confirmatory electrocardiographic evidence. In none of the six cases 
was the electrocardiogram entirelj’' normal. 
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Table V 


CASE ECG. DIAGNOSIS 

a. Auricular lib. 
with many vent, 
cxtrasystoles 


AREAS OF ACUTE 
INFARCTION 
!Mural thromb. 

on septum 
Areas of myo- 
malacia near 
apex region 


AREAS OF OLD 
INFARCTION 
Areas of old 
myomalacia 
near apex re- 
gion 


ARTERIES 
THROMBOSED 
Sclerosis of 
ramus desccn- 
dens of left 
coronary artery 


b. Clianges in rec- night vent. post, 

ord suggested and lateral — 

myocardial in- spotty infarc- 

volvement but tion right vent, 

not conclusive ant. Rt. auricle, 

for infarction l^Iural thrombi 

in right auricle 
and ventricle 

c. Shifting pace- Tip of It. vent, 
maher evi/Jcnce ant. 

of myocardial 
damage 


d. 1. Changed to nor- Lower % of It. 
mal vent. ant. and 

2. Sinus rhythm It. side of sep- 

with depression turn 

S-T< (old meth- 
od ) . Absence of 
of Q, 

0 . 1. Pardee S-T, . Lower of It. 
Inverted T, vent. ant. and 

2. With upright T, ant. lower % of 

?>. With upright T, septum 

and absence of 

Q. 

f. L Inverted Tj and Apex of It. vent, 
upright T< ant. with rup- 

2. Same as Xo. 1 ture through 

and S-T, is central portions 

Pardee type 


Eight vent. post. Jlcccnt, right 
and lateral coronary’’; 

libro.sis of sep- marked sclerosis 

turn and right of other 

vent. ant. coronaries 


Diffuse fibrosis Recent, ramus 

through ant. descendens of 

heart It. cor. 

Old, ramus do 

cendens of It. 

coronarj' 

Lower 2/^ of It. Recent, ramus 

ventricle ant. descendens of 

and It. side of It. coronary 
septum 


Lower 1/^ of It. Jlcccnt, ramus 
vent. ant. and descendens of 

ant. lower % of It. coronary 

septum 


At apex of It. Recent, It. cir- 

vent. Pibrosis cumflex 

of greater por- Old, It. circum- 
tion of septum Ilex 


Infarction of the right rentricle (Table VI) alone occurred in only 
one case in this series. This patient had hypertensive arteriosclerotic 
lieai’t disease ivith conge.stive failure. Angina played no part in the 
clinical picture. The electrocardiogram .showed sugge.stive but not 
conclusive evidence of a posterior and basal infarct. The right coro- 
nary artery Avas obstructed 5 cm. from its origin by a recent organized 
thrombus which was superimposed on an older thrombus. In six cases 
acute infarction of the right ventricle occurred in combination Avith 
infarction of the left ventricle. In four of these, the left ventricle 
anteriorly and the septum Avere inA'oh'ed. In one case both the anterior 
and posterior portions of the left A'enti’icle and the septum Avere in- 
farcted. In this ease the electrocardiographic diagnosis Avas posterior 
and septal infarction. In the remaining case the anterior portion of 
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TABDE YI 


INKAKCTION IN BlGHT VENTRICLE 


C.\SB 

UKCENT INFARCTION 

OL11 INFARCTION 

I N FARCTION ELSE AY 11 ERE 

ECO. 

.INTERIOR 

POSTERIOR 

3. 



At base of left 
anti right vent, 
post. 

Kcccnt in ant. left vent, 
and septum 

Anterior 

4. 

Multiple, 
lower b'j 

1 . 

i 


llecent lower ant. % of 
it. vent, and entire 
septum 

Anterior 

s. 

^Multiple, 
lower b'j 

i 

i 

1 

1 

i : 

: 

Kcccnt lower Rf? of It. 
vent, and lower Uj of 
septum 

Anterior 

a. 



.•\t base of rt. | 
vent. ant. anti 
post. 1 

Kecent lower of 

left vent. ant. and all 
of septum 

Anterior 
and septal 

10. 

Multiple, ! 

tip of ; 

right veut. 

1 

i 

1 

i 


Kecent tip of It. vent. 

aut. and post. 

Kecent below sulcus of 
It. vent. post. 

Anterior 
and pos- 
terior 

s. 



Obi lower Uj of 
rt. vent. ant. 

Kei’ciit lower % It. vent, 
ant. and entire sep- 
tum 

Anterior 

14. 1 

1 

Multiple, 
lower U{ r(. 
vent. i 

i 


Kecent lower Uj It, vent.j 
ant. and lower U, of^ 
sojitnin 

Anterior 

20. ! 

•Multiple, 

upex 

! 

j 


Kecent at ape.v of It. 
vent. ant. and apical 
portion of septum 

Anterior 

oo 

Multiple 

Multij'le i 

i 

1 

Kecent multiple of It. 
vent, ant and post, 
and sejitum 

Po.storior 
and septal 



i 

At base of rt. ^ 
vent. ant. and j 
post. 1 

Kecent of post, wall It. 
vent, and post, 
papillary muscle. 

Posterior 

28. 


Siuglc, at 
ba.se j 


Kecent post. of sep- 

tum. ba.se to apex 

Posterior 
and basal 

2it. 

Multiple, 
lower i/i. 
Mural 
thrombi 

Multiple, 
at base 

i 

! 

i 

iTn cases of 
error 


tlie apex and the posterior surface of the left ventricle near the aiiric- 
nloventricnlar snlens ivere the seat of infarction. In the latter case 
the electrocardiogram fulfilled the criteria of ‘Wolfertld^ (Pig. 1). 

SUAniARY 

Of 34; cases of recent myocardial infarction in ivliich necrop.sy iva.s per- 
formed, the clinical and electrocardiographic diagnosis ivas correct in 28 
(82.05 per cent). In the 6 undiagnosed cases there ivas some electro- 
cardiographic evidence in 3, and none in the other 3 cases. These diag- 
nostic errors were due to lack of chest leads in one case, left bundle 
branch block in 2 cases, and intraventricular block in one case; in 2 
eases the eAudenee was suggestive, but not conclusive. In 21 'cases 
pericarditis was present at autopsy, but in none Avere the electrocar- 
diographic changes tjincal of those seen in acute pericarditis. 
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Multiple acute infarction -without previous infarction Avas present 
in 8 cases (24 per cent), and in 22 cases the recent infarction, both 
single and multiple, Avas associated Avith older infarction In the 
case of acute single infarction alone the accuracy of diagnosis and 
localization Avas 100 per cent. In the cases of recent and old infarc- 
tion accuracy of diagnosis and localization Avas 73 per cent. In the 
diagnosed cases the accuracy of the electrocardiographic localization 
of the major acute infai'ction Avas 100 per cent (28 cases). 

The diagnosis of acute mj^oeardial infarction should be made from 
the patient’s historj’-, the ph 3 ^sical examination, and laboratory find- 
ings.^’’^ The electrocardiogram (especially Avhen sei’ial records and 
chest leads are taken) Avill assist in the diagnosis and localization of 
infarction in over 80 per cent of the cases. 

AVe wisli to tli.ank Dr. A. R. Moritz, Pathologist of Lalceside Hospital, for his 
assi-stance in the analysis of the post-mortem data. 
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COARCTATION OP THE AORTA AT AN UNUSUAL SITE, 
ASSOCIATED WITH xV CONGENITALLY 
BICTJSPH:) AORTIC ViUjVE 

Report of Case'' 

RoiiERT L. I’arker, I\LD., and Thomas J. ]3ry, j\LB. 
Rochester, ]\Iinn, 

C OxVRCTATlON of the aorta is one of the congenital anomalies which 
lends itself to ])rpeise recognition during life. The case which we 
are rei)orting not only emphasizes the salient features of coarctation 
of the aorta, but is of interest beeanse the site of the narrowing bore 
an nnnsnal relationship to tlie origin of the left subclavian artery. 
The exact anatomic diagnosis was made clinically despite the fact that 
evidence of collateral circulation conid not be elicited. The clue, in 
fact, to the correct diagnosis was alfoi-ded by the inuisiial anatomic 
arrangement. The absence of eorroboi-ative signs was regarded as 
attributable in ]>art, at least, to the extreme degree of circulatory 
failure present when the patient was firist seen. 

Coarctation of the aorta lias been elas.sified into the so-called adult 
and infantile types. Tiic infantile form consists of a diffuse narrowing 
of the aorta between the origin of the left subclavian artery and the 
point of insertion of the ductus arteriosus. The ductus arteriosus re- 
mains patent, and the situation may be regarded as an exaggeration 
of the anatomic arrangement that exists normalH in the fetus. The 
adult tyx^e of coarctation is rarely associated with a patent ductus 
arteriosus. The narrowing of the aortic isthmus is abrupt, and the 
degree of stenosis amounts in some cases to complete obliteration of 
the aortic lumen at the site involved, with the result that an extensive 
collateral circulation develops. 

The pathologic changes and the theoi-ies of pathogenesis of this 
lesion have been adequately considered in the reviews of Boniiett,^ 
Abbott,’^ Hamilton and Abbott,^’ and Blackford,- and it is unnecessary 
to discuss them here. 

REPORT OP case 

. A man, twenty-six years of age, was admitted directly to the cardiac service 
at the Worrall Hospital in an obviously critical state of congestive failure. The 
details of his liistory were meager as well as difficult to obtain. He apparently had 

‘From the Division of Medicine and the Section on Cardiology, The Mayo Clinic. 
Received for publication Jan. C, 1938. 
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always experienced excellent health and had led a very active life, enjojdng more 
than average jdiysical strength and endurance, fis was necessary in liis occupation, 
wliich was that of a farm laborer. Three montlis before his admission to the hos- 
pital he first had noted moderate dyspnea on exertion and weakness of the legs. 
Both of tlicse symiitoms had become jirogressively more .severe until two weeks prior 
to his admission to tlie ho.spital, wlicn he liad begun to have paroxysmal attacks of 
dyspnea, and edema of the legs had developed. Despite these symptoms of circida- 
tory failure lie had remained ambulatory until three days before his admission to 
the hospital. Approximately 60 minims (4 c.c.) of tincture of digitalis had been 
administered daily tvithout benefit. 

Physical examination revealed a well-developed and well-nourished young man. 
He was continuou.sly ortliopneic but had only slight cyanosis. The respiratory rate 
was between 40 and 50 per minute and the pulse rate was 120 per minute; there 
were visibly exaggerated pulsations of the carotid arteries. The temperature was 
98.4° P. There was moderate edema of the legs, and the liver extended about 2% 
inches below the costal margin. Coarse rfiles were present at the bases of both 
lungs. The heart was enlarged and the apical impulse was visible in the fifth inter- 
costal space to the left of the anterior axillary line. The tones were of poor quality, 
and a definite gallop rhj-thm was present. A rough systolic murmur and a blo^v- 
ing diastolic murmur could be hejird over the aortic area. 

The finding of a marked disparity in the volume of the two radial pulses im- 
mediately aroused our attention. The pulse in the right radial artery was large 
and of a forceful " water-hammer quality, whereas that in the left radial artery 
was so small as to be hardly palpable. The blood pressure in the right arm was 
210/40 rnm. ITg, and in the left arm, 100/78 mm. Hg, Xo pulsation could be felt 
in the abdominal aorta or in the arteries of the legs, Whereas the pul-sations in 
both carotids and the right subclavian were very x^rominent, careful j>alpation over 
the left subclavian arterj- revealed almost no pulsation at all. Careful .search did 
not disclose any evidence of increa.«ed collateral circulation. 

Poutine examination of the urine did not reveal any abnormality except modcr.'ito 
albuminuria (Grade 2). The concentration of hemoglobin was 11.9 gm. per 100 c.c. 
of blood ; the erythrocytes numbered 5,540,000, and the leucocytes 24,100, per cubic 
millimeter of bloo<l, respectively. The flocculation test for sjpdiilis was negative. 
The value for the blood urea was 90 mg. per 100 c.c. Koentgenologic examination 
of the thorax did not reveal any evidence of erosion of the ribs. The heart was 
enlarged, there was congestion of the lungs, and the aorta api»e.'ired to be dilatcyl. 
The electrocardiogram showed left ventricular X'reponderance, incomplete bundle 
branch block (QKS, 0.14 sec.), inverted P-waves in Lead III, and delayed A-V 
conduction (P-Jl, 0.28 .sec.), and the Wolferth Lead IV showed inverted T-wavc.s, 
dimini.shed Q-wave.s, and notched QPS complexes. 

The diagnosi.s was coarctation of the aorta at or above the level of the left sub- 
clavian artery', chronic rheumatic endomtrditi.s, aortic in.sufficiency, and cardiac de- 
comx>ensation. Tlie p/atient failed to rc.spond to suppiortive treatment, and anuria 
develof)ed. This was a.ssumed to be secondary to circulatory in.sufficiency. The 
X«itient died on the fourth day after his admission to the hosputal. In view of the 
pjo.st -mortem findings, it is intere.sting to note that he remained afebrile while under 
our obsen-ation. Xecrop.sy disclosed marked enlargement of the heart, tremendous 
hypertropiby of the left ventricle, and dilatation of the right and left ventricles. 
The heart weighed 855 gm. An abrufd coarctation of the aortic isthmus was found, 
reducing the lumen at this point to only 8 mm. Tlie aorta sliowe^l marked dilata- 
tion di.stal to the site of coarctation, but the proximal segment was smaller tlmn 
normal. The ductus arteriosus consisted of a thick, firm, fibrous cord measuring 3 to 
5 mm. in diameter; its lumen was completely obliterated, and it.s jmint of insertion 
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into tlie aortic. ^Ya1l wis inunediately proximal to the site of coarctation. The 
abnormally small left subclavian artery arose lust di-stal to the coarctation, and the 
normal left carotid artery sprang from the arch of the aorta iinniodiately proximal 
to the site of stenosis (Figs. 1, 2 and ?,). 



Fifr. 1. — Coarctation of aorta showing relationship of aorta and ve.ssels ; a, site 
of cornctatlon ; l>, left subclavian arteiT: c, left common carotid artery; d, thickened 
and obliterated ductus arteriosu.s. Tlie aorta distal to the coarctation is dilated and 
i.s relatively small proximal to it. 



Fig. 2. — Coarctation of aorta (aorta and other vessels opened) ; a, thin constricting 
hand arising above the subclavian artorj’^ ; b, subclavian artery ; c, left common carotid 
artery; d, site of attacliment of the obliterated ductus arteriosus. 


Examination of the heart disclosed a congenitally bicuspid aortic valve; both 
leaflets were involved in an e.xtensive vegetative endocarditis. Fragile subacute 
vegetations covered the greater portion of both aortic leaflets and there had been 
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extension of tlie process along the adjacent endocardium of the left ventricle (Pigs. 
4 and 5). The mitral, tricuspid and pulmonary valves appeared normal. The heart 
measurements were as follows: Aortic valve 8 cm., mitral valve 12.5 cm., tricuspid 
valve 10 cm,, pulmonary valve 10 cm. The depth of the left ventricle was 10 cm., and 
the thichness of its wall was 1.8 cm. The depth of the right ventricle was 12 cm., 
and its wall was 0.4 cm. thick. Both internal mammary arteries were apprcciahly 
enlarged, and there ■svas a general increase in size of the intercostal vessels; there 
was also enlargement of the thymic artery. Complete necrop.sy did not reveal any- 
thing else significant except evidence of chronic passive congestion. The liver was 
enlarged and weighed 2280 gm., and the spleen weighed 455 gm. A small infarct 
was present in the right kidney and another was found in the base of the right 
lung. Examination of the brain did not reveal any evidence of embolism, or of 
congenital aneurj'sm of the vessels constituting the circle of Willis, 



Pig. 3 . — Coarctation of aorta; view of the aorta from below the coarctation, show- 
ing the marked degree of aortic con.striction ; the lumen at a measured 3 mm. in 
diameter. 

COMJIENT 

T]ie pre,sence of high hrachial arterial pressure witiiout corroborative 
evidence of true essential hypertension is often the initial clue which 
leads to the diagnosis of coarctation of the aorta. The classic findings 
of elevated blood pressure in the upper extremities in contrast to a 
reduced pressure in the lower extremities, small or absent pulsations 
in the abdominal aorta and arteries of the legs, and associated e%n- 
dence of collateral circulation in the upper part of the body are im- 
portant criteria of coarctation. A significant disparity in the pulse 
volume and blood pressure in the two arms, however, lias not been of 
frequent occurrence in proved cases of coarctation. 

King® has made an exhaustive review of the blood pressure measure- 
ments in the reported cases of this anomaly. Of 175 ease.s, there were 
G6 in which the blood pressure in both arms was recorded. In only 10 
of these was there an appreciable difference in the blood pressure in 
the two arras. Unfortunatelj’’, necrop.sy information w'as available only 
in the case reported by "Woltman and Shelden.’ The blood pressure 
in this case was 164/86 in the right arm, and 126/110 in the left arm. 




Fig'. 5. — Close-up of the bicusplcl aortic valve and vegetative endocarditis. 
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Necropsy disclosed that the proximal portion of the left subclavian 
artery consisted only of a fine ligamentous cordj the distal part of the 
artery was the recipient of extensive collateral vessels. In a recent 
case reported by Borgard'* the clinical appearance was typically that 
of coarctation. In addition, thei’e was associated evidence of obstruc- 
tion to the left subclavian arteiw, from which he concluded that the 
site of coarctation was proximal thereto. 

In Abbott’s review’^ of 200 cases recorded in the literature, there 
were six in which anatomic study .showed that the stenosis was defi- 
nitely “above the ductus,” and in seven others it was described as 
situated at or above the origin of the left subclavian arteiy. These 
figures would indicate that the anatomic 7’elations which existed in 
our case are relatively I’are. 

One of the interesting features of our case was the pi’esence of a 
congenitally bicuspid aortic valve. It is indeed not uncommon to find 
defects in the vascular system associated with coarctation. Bonnett'' 
and Abbott^ have called attention to the fact that the grave and com- 
plex forms of associated anomalies, such as biloculate or triloculate 
heart, transposition of the aortic trunks, and pulmonary atresia, are 
eommonl}’’ combined with the infantile type of coarctation. The minor 
congenital variations, such as bicu.spid aortic valve, anomalous origin 
of the ai'teries from the arch of the aorta, and defects of the aortic 
septum and subaortic stenosis, occur frequently in the adult type of 
coarctation. A congenitally bicuspid aortic valve was found in 2.5.1 
per cent of Abbott’s series of cases. 

Another feature of interest in our case was the presence of subacute 
vegetative endocarditis of the bicuspid aoi-tic valve. Although the 
presence of coexisting valvular disease and aortic insufficiency was 
diagnosed before death, Ave did not suspect the true nature of the lesion. 
The patient had remained afebrile, and except for the presence of 
leueoeytosis, there Avas no indication of an inflammatory process. Fur- 
themore, there aa^s no clinical cA'idence of embolic phenomena. This 
again, hoAvever, must call our attention to the fact that the possible 
dcA'clopment of bacterial or A^egetatiA^e endocarditis is oue of the most 
constant hazards in congenital heart disease. One may aa'cII wonder 
AA'hether the myocardium might haA'e remained compensated if this 
le.sion had not been present. Undoubtedly the degree of coarctation 
present in this case imposes a no small burden on the heart ; yet in 
the presence of a normal myocardium AA'ithout the superimposcfl in- 
flammatojy process, the heart in all probability AAmuld haA'e carried 
this burden for many years AA’ithout noticeable circulatory deficiency. 
Abbott’s statistics sIioav that the highest moi’talitA' oecur.s betAveen the 
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second and third decades of life; however, cases in which the patients 
live hex'ond the fifth and sixth decades of life are not uncommon. 

In cases of coarctation death usuall}’’ results from progressive myo- 
cardial failure. Other common causes are rupture of the heart, rupture 
of the aorta, the develoinnent of an aneurysm, either aortic or cerebral, 
and endocarditis. 

SUMMARY 

AVe have reijorted a case of coarctation of the aorta in which the site 
of stenosis was between the left common carotid and the left subclavian 
arteries. The condition was diagnosed during life and proved by post- 
mortem examinatioji. The case reported is of further interest because 
of the presence of a congenitally bicuspid aortic valve which was the 
seat of subacute vegetative endocarditis. 
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THROi\roO ANGIITIS OBLITERANS IN A WOMANS- 

Report op a Case 

Sajiuel SIielmax, j\I.D, 

Brookeyk, N- Y. 

I T IS well Jciiown that thromboangiitis obliterans rarely affects women, 
but no adequate explanation lias ever been given. Only about twenty- 
two satisfactoiy cases arc on record. In Buerger’s scries’ of 500 cases 
there were 2 women ; in Koyano’s series- of 120 there was one; in Hor- 
ton and Broom’s series’ of 700 there were 10; in Herrcll and Allen’s 
series^ of 350 there was one; and in Silbert’s series' of 1,200 there were 
2. In addition, single eases have been reported by I^Ieleney and iililler," 
Telford and Stopford,^ Diirek,^ Traubaud and Chaty,” Traubaud and 
Mrcdden,’® and Van Dellen and Wright.” 

REPORT OF CASE 

S. Iv., a married Kussiaa .Tewi.sh woman, 27 years of a^^e, was adiriitted to tlic 
hospital May 11, 19.37, and diseliarged July S, 19,17. Slic gave a liistory of in- 
termittent claudication due to pain in the calf of the right leg of two years’ dura- 
tion. Two weeks before admission .‘■evcrc pain developed in the fifth right toe, 
which became infected and di.scolorcd. During her fourth pregnancy, three years 
before, she had had some “trouble” with the veins in both leg.s. The j)atient had 
been a cigarette smoker for many years, and in the two years preceding admis.sion 
had .smoked between 40 and 00 cigarettes a day. Once every year, for .ten years, 
she had taken about 2 ounces of the fluidextract of ergot to induce abortion. The 
last do.se was taken four months before admission. She had alwjiys noticed numbness 
and tingling of the extremities soon after taking the drug. 

Physical Examination . — There were no abnormalities except in the lower ex- 
tremitie.s. Both feet were cold, the right rnore so than the left. Dependent rubor 
and blanching with elevation were very evident in both leg.s, No pulse could be 
felt in either dorsalis pedis or po.slerior tibial artery. There was a small area of 
gangrene on the fifth toe of the right foot. 


Oscillomelric Iteading.'i 
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The blood pressure was 90/00. Oplithalmo.'-'copic e.xamination showed nothing re- 
markable. 

Laboratory Examination . — The electrocardiogram was normal. Boentgenograms 
of the feet and legs revealed no evidence of calcification of arteries. Tiie basal 

*Frorn tlie Sletlic-'il .Service of Dr. .lo.seph Rosenthal, Jcwi.sli Ifo.<p!t.al. UroijJcIyn, 
-N’. y. 

Receivefl for publication J.-in, 7, Ifi-'tS. 
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metabolic rale was -I', per cent. Agglutination tests for the presence of typhoid, 
paratyphoid, and typhus antibodies were negative. The Ivlinc test was negative. 
The blood calcium was h.7 mg. per cent; the nonprolein nitrogen of the blood, 29.8 
mg. per cent; the blood cholc.^^terol, 170 mg. per cent; and the plasma protein, 
0.7.1 gm. per cent (albumin .'l.S.o gm. per cent, globulin 2.9 gm. per cent, albumin- 
globulin ratio 1.1). Tlie hemoglobin wa.^; 85 per cent; the erythrocytes numbered 
•1.400,000; and there was a slight hmcocytosi.'^. Blood vohime stndios gave the follow- 
ing result : 

Henmtocrit (packed <!eils) 
plasma vohime 
Total blood volume 
Blood volume per kilogram 

Course . — During the tins! month of her stay in the hospital the patient 
received- 250 c.c. of n 5 ])or cent salt .solution intravenously every forty-eight hours. 
Thereafter, for one month, she received 1 c.c. of tissue extract (.Sliarpn and Dolmie) 
intramuscularly every forty-eight hours. When she hd't. the lios])ital the gangrenous 
area was healing, but there was still no juilse in the dorsalis pedis artery. Treat- 
ment with 5 per emit salt solution was contimied in the onljiationt department. 

Examination Oct. 2G, lOl.f, showed that tlie gangrenous area had licalcd, hut 
there was no pulse in the dor.«alis pedis or jiosterior tihial artery, and the right 
foot was .still colder titan the left. 


OsciUomctric Jicadings 
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2108 c.c. 

1,701 c.c. 

OS c.c. (85 c.c. is normal) 


Except for moderate claudic.ufioii due to pain in the right calf, .she felt perfectly 
well. 


COMMENT 


Silbert and his a.ssoeitiles,^-’ in their study oC Ihroinhoangiitis 
oliliterans, found tliat tlie basal metabolic rate was low, lliai the blood 
was concentrated and its volinnc reduced, tind thiit the amounts of blood 
proteins, calcium, and cholesterol were increased. In my ease none of 
these abnormalities except reduced blood volume was noted. 

It is doubtful if ergot played an etiologic role in this case. The patient 
had taken only 10 do.ses in ten years, and there had never been a severe 
local reaction. 

CONCLUSION 

The foregoing ease is reported because of the rarity of thromboangiitis 
obliterans in women. The patient was a young Russian Jewess who had 
abused tobacco, gave a history of int.erinittent claudication, and had a 
painful, gangrenous area on one toe. Dependent rubor and paUor with 
elevation were evident in liotli legs, both feet were cold, and no pulse 
could he felt iu either dorsalis pedis or posterior tihial artery. There 
was uo evidence of peripheral arteriosclerosis. 
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ACUTE isolated MTOCAKDITIS 

Ricport of a Case, AVitii a Study of the Df.velofment of the Lesion’^ t 

G. IJ. Haksmann, Ar.D., Mhayaukee, AVis., and J. 11 . SchexNKen, AI.D., 

New Ok deans. La. 


rqp HE term acute isolated myocarditis,’' now used instead of “acute 
1 primary myocarditis/’ .should designate a disease in which inflamma- 
tion of the myocardium is the only important active acute lesion in the 
body. The disease may be due to actual infection of the myocardium, or, 
as in experimental animals and very probably in man, to the effect of 
cliemical action alone or chemical and other factors acting simultaneously 
on the heart. In some eases the etiology remains obscure, hence the 
tenn “idiopathic.” Tlie disease regularly runs its full course witliout 
being recognized, dc^spite the fact that it has been ]mriodically considered 
and quite well defined in the foreign medical literature during the past 
tliirty-six years. It is only I'ceently that a few reports have ai^pearcd in 
the American literature. Our recent experience with a case prompted us 
to make a survey of the literature, from which we learned that there is 
a group of symj)toms which seem distinctive. Our survey was extended 
to include the various chemicals used singly or in combination in the 
experimental production of acute myocarditis. AVe wislicd to know 
particularly whether experimental myocarditis paralleled acute isolated 
myocarditis in severity of injury and reaction. Our own case atforded 
an unusually good opportunity to study the development; of the myo- 
cardial lesions. By reporting it, and summarizing the important clinical 
and pathologic characteristics of all the cases in the literature, wo hope to 
facilitate the diagnosis of this elusive di.seasc. 


REPORT OF case 


Clinical Examinaiion. — C. G. (10.5252), a well-develoiicd and wcU-preservecl 
colored woman, 48 year.s of age, entered tlie Gallinger Ho.'^pital, Washington, D. C., 
Oct. 17, 1933, and died .suddenly Oct. 20, 1933. She had siitTered since early in the 
summer of 1933 from what she called a bad chest cold, which wa.s followed by 
cough and the expectoration of a large amount of frothy .sputum. The sputum was 
twice bloodstained. The patient complained of much weakness and said that she 
had lost 20 pounds. She thought that she had had fever at times, but her tempera- 
ture had not been taken. She continued to do her housework until two weeks before 
her admission to the hospital, when .she was forced to go to bed because of extreme 
weakness, shortness of breath, and fever. The only gastrointestinal findings of note 
were blood in the feces on two occasions and a filling defect at the pylorus which 
was thought to be caused by spasm. She had been treated for syphilis, but did not 
remember wlien, for how long, or by what means. 


‘From the laboratory of Patholog>-, Columbia Hospital, Milwaukee, Wis., and the 
of Pathology- and Bacteriology, Ix)uisiana State University Medical Center, 
^ ow OnlcD-TiSf 

tReceived for publication Jan. 14, 1938. 
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The temperature on admission was 99.0“ F., and tlie idood pressure was 100/79. 
Tlie gums were puffy and bled easily, the teeth were carious, and there was enlarge- 
ment of the cervical Ij-mph nodes. A few rales were heard at the apices of both 
lungs. The heart was normal to phy.sical examination. A definite mass which was 
thought to pulsate was felt in the midline in the epigastric region; the epigastrium 
was tender and tense. The liver was iKiljiable. 

Clinical Lahoraiory Examination. — The hemoglobin was 80 jier cent. The leuco- 
cytes numbered 18,000 per cu. mm., and the differential leucocyte count showed that 
50 per cent -were lymidiocytes, 2 per cent large mononuclear cells, 44 per cent 
pob-morjihonuclear cells, and 8 per cent nontilamentcd polymorphonuclear cells. The 
Kahn test was strongly positive. 

Clinical Course . — The temperature varied from 99“ to 99.{;“ F, until the day before 
death, when it rose to 102“ F. The pul.se rate ranged from 100 to 110, and the 
respiratory rate from 20 to 28. Thera were no complaints other than weakness and 



FIk. 1. — Cut sections of the myocarflium. The gray appear.ance and the numerous 

hemorrhagic foci are .striking. 

dy.spnea. On the evening of October 21, the patient felt very uncomfort.able and 
restless, and Yt grain of morphine ,«ulfate was administered. One hour later she w.'is 
found dead in bed. 

Post-Mortem Examination. — The body was that of a well-developed and excellently 
nourished woman. Piyor mortis was marked. Cyanosis of the finger tips, lips, and 
dependent portions of the body was extreme. There was no edema. The teeth were 
carious and the gums swollen. The layer of fat in the midline over the chest and 
abdomen was from 1 to 2 cm. thick. The internal genitals v,’ere the scat of an old, 
quiescent inflammatory proce.“s. Sloderate enlargement of huTiph nodes was found 
over the pericardium, in the region of the thymus gland, and in the neck and ab- 
domen. The nodes at the hilum of the liver v.’cre e.specially enlarged, the largest 
measuring 2 cm. in diameter. Tlie heart, weighed 800 grn. and was normal as far a.s 
muscle mass v.-as concerned. There was no dilation. The myocardium v.ns .some- 
what gray and translucent. There were petechiae beneath the endocardium, including 
that of the papillary mu.scles, and the left ventricular .surface of the interventricular 
.“^eptum contained large ecchymo,-es. On .‘-•cction, there were distinct gray area.s about 
2 ram. in diameter framed by a zone of liy-peremia and hemorrhage. Thc.^-e le.sion.s 
were most conspicuous in the left ventricle and interventricular sejiturn, but were also 
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prosont, in. tloseendinfC order of frequency, in ilic ri|j;lit vontriclo, riglit auricle, and 
left auriole. The lesions apiieared to be contained entirely 'witliin tlie myocardium. 
The eoronarv vessel? were normal. The pericardium and endocardium were smooth 
and!.glo?sy. The right lung weighed 250 gm., the left 220 gm.; the alveoli contained 
frothy fluid. The spleen weighed 110 gm..: it wa.s not grossly abnormal. The 
duodenal mucosa wa.s greatly congested, and the pancreas showed post.-morfem diges- 
tion. The liver weighed I, TOO gm., and it? ed.ge.s were romulod. The hepatic veins 
were dilated. Tlie riglit kidney weighed 125 gm., the left 150 gm.: both appeared 
normal. There were u few atheromutou? plaques in tlie aorta. Tlio bladder wa? not 
inflamed. Tlie thyroid gland was normal in si/.e, and its cut surface apfienrcd normal. 
The trachea, larynx, and pharynx were removed, and appeared to be normal. 

llistnloaic 1'.r<nnin(riw]i. — Tlie only important pathologic changes, other tlitm the 
enlarged lynqih nodes, were found in the myocardium, which contained lesions in 
various stage.'! of development. The most recent, lesions consisted of fractured 
hvalinized muside fibers which hud lost their strialions, Jiiid in those areas definite 
hemorrlmges were observed. Others which jippoared to be furliier developed revealed, 
in addition to the muscle injury and hemorrhnge, numerous polymorphonuclear 
leucocyte.?. Still others contained remnants of hydropie and f.'itty muscle fibers and 
many lympliocytes and large mononuclear cell.?. Many of the hitler contained 
Iicnio.siderin. There were also ureas of quite well-develojied scar tissue which was 
arningod in a columnar pattern as if it had replaced individual muscle fibers. A 
few myocardial giant cells were present in some of these areas. Hero and there 
exudate extended into the inler.^titial tis.sue. The coronary vessels appeared normal. 
The remaining organs slmweil acute edema and congestion. The enlarged lympli 
node.s were simply liyperphmlic. There was no lii.stologic evidence of syphilis as 
described by Wartliin. There was hut .«lighl atheromatous e.lmngo in the aorta. The 
thyroid and adrenal glands were, normal. 

Bacteriolofiic J'^i-aminalinn. — Sinear.s mid eulture.s made from the nose and throat 
at the time of jiost-mortcm examination showed streiitococci, but no organisms or 
colonics which resembled the (joripirhaclcrium diphihcrinc. Numerous sections of 
the myocardium .stained by the Warthin-Starry method failed to reveal the 7')rpon<'m(t 
pnllUhm, although organisms in control material n’ero well stained. Bacterial stains 
also failed to reveal other organisms in the myocardium. 

EPICRISIS 

\Ye liave no reason lo suppose that tliis patient suffered .from anything 
other than myocardial in.iury after the Ijegiuniiig of licr illness eai’l.y in 
the summer of 1933. Tliorc was no evidence of generalized s.ystemic 
infection, and therefore, if hacteria arc to lie held responsible for the 
myocardial injury, one must fall back on the somewhat doubtful assump- 
tion of focal infection. The patient liad had leueorrliea, but tlic cervix 
did not appear to be particularly abnormal. Tlie swollen gums and 
carious teeth were possible foci of infection. The outstanding clinical 
features were weakness, cyanosis, and dyspnea. The patient was well- 
nourished and appeared to he in good health througliout most of lier 
illness, and there was no hypertrophy or dilation of the lieart and no 
edema of the extremities. A priori, one would exxiect the lesions of 
isolated myoearditi.s to be evenly distributed. In tliis case they were most 
numerous in the wall of the left ventricle and the interventricular 
septum, which fact suggests that the higher left ventricular pressure 
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Fig. 2, — I'Jiotomiciofrrapfi C XSOaji Jiliov/ins" an area of oarly Injurj' myo- 

cardial flbtirs, as indicatfrfJ by ib»; intonsa staining r<;action and fgtrly ceilular in- 
filtration. 

Fig. Z . — Photomicrograph iX20.v) shov/ing the dtiTiise inflammatory cellular in- 
filtration v.'ithln and betv.’cen the muscle fiber.?. 

Fig. 4. — Photomicrograph <X25i)> illustrating the fractured muscle fibers and 
heiriorriiage. Sfany severely injured unfractured muscle fibers are also seen. 

P’ig. 5. — Photomicrog-raph shovving the parallel arrangement of .sear tissue in v.'hich 
fragment? of muscle fiber.? are enmeshed. 
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mar liave been a factor in their distribution. The sequence of events in 
the development of the lesion appeared to be (1) injury of muscle fibers, 
(2) fracture of muscle fii)ers with hemorrhage, (3) leucocAdic infiltration, 
(4) clearing away of fragments of tissue by macrophages, and (5) 
scarring, Tliis is not unlike Zenker’s degeneration of voluntary muscle. 
The fact that so many of tlic hyalinized muscle fibers were fractured 
makes one suspect that the same thing occurs in tlie milder forms of toxic 
myocarditis from wliich patients usually recover. It may be that the loss 
of the.se fibers in crea.scs. the demands on those which survive, with the 
resiilt that hypertrophy and dilation of the heart eventually occur. ]\Tore- 
over, this may explain the tremendous hypertro])hy and dilation in cases 
in which the coi’onary arteries are not significantly narrowed and hyper- 
tension has not been a factor. Saltykow’" has also maintained that acute 
inyoearditis leads ultimately to myocardial filnusis and hypertrophy. 

Acute isolated myocarditis was fir.st described by Fiedler,-'^ who in- 
cluded in his re]ioi‘t only cases in which the myocarditis was the sole 
lo.sion. Subsequent, contrilnitions have been made by Saltykow,^” Scott 
and Saphird- de la Cha])elle and Graef," Bailey and Andersen,^ and 
others. Warthin’^ described isolated myocarditis due to the Trej^ovema 
pallidum which he interiu'eted as an acute exacerbation of chronic 
syphilitic myocarditis similar to the critical reaction observed by Brown 
and Pearce^ in their experimental animals. 

Not all authors have excluded, as Fiedler'’ did, cases in which myo- 
carditis was not the sole lesion. IMany were complicated by systemic in- 
fection or by other kinds of heail disease. Those in which infection was 
present jnight not differ gi’catly from cases of myocarditis following 
diphtheria, scarlet fever, severe burns, or influenza. At best, it would be 
difficult to distinguish the symptoms i-efcrable to acute myocarditis from 
those Avhicli were caused by the accompanying condition. 

The important clinical and pathologic features of mxcomplicafcd acute 
isolated myocarditis, as recorded in the literature, are summarized in 
Tables I and II. The occupations arc not tabulated, but sixteen different 
ones were represented. The close clinical similarity between this dis- 
ease and coronary occlusion is striking. However, ten of the patients 
were rather young for coronary occlusion, and the extremely severe pre- 
cordial pain which appears suddenly and tends to radiate is not char- 
acteristic of acute isolated myocarditis. Rapidly developing myocarditis 
is more likely to be signalized by comparatively mild precordial distress 
and a chill. The patient is restless, apprehensive, short of breath, cya- 
notic, and may complain of wealmess, i)alpitation, and irregularity of the 
heart. By the time these symptoms have appeared the heart is usually 
enlarged, indicating that the pathologic process begins long before the 
symptoms. Therefore, if we are to discover the etiologic agent, we must 
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not neglect to question the patient carefully about the events, however 
trivial, of the months immediately preceding the first unequivocal symp- 
tom. 

Table I 
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Except for the cases reported by ‘Warthin, in which the Treponema 
palhdnm was regularly demonstrated, investigators have been unifomly 
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iiiisiiccessfiil ill tlicir search for haeteria in the myocardial lesions. 
Rindflcisch'’ isolated an organism from the myocardiiim wliich he called 
Siapliylococcus divcous, hut it did not cause alisecsses, and he was unable 
to demonstrate its pTOscnce histologically; its etiologic relationship to the 
lesions in the myocardium must be regarded as doulitful. IMost authors 
are of the opinion that the myocardial injury is due to bacterial toxins 
circulating in the blood. The jiathologic changes wliich have been de- 
scribed do not enable one to distinguish between the cases in wliich the 
Treponema was pre.sent in the ti.ssue and those in wliich no organi.sms 
were found. Tlie liypertrophy and dilation of the lieaii-. the scarring in 
some of the lesions, and the myocardial giant cells indicat ivo of a rcjiara- 
tivc process are the earmarks of a steadily pi’ogrcssivc and insidious dis- 
ease wliicli leads to sudden and unexpected deatli. 

Tlie liistologic examination in our ease was very enlightening. The 
fact that lesions were observed in all stages of development betrayed the 
progressive nature of the di.sease. The myocardial injury was diffuse, 
but the development of focal defects .scorned to be dependent upon frac- 
ture of the hyalinized muscle fibci-s, followed by hemon-liage, exudation, 
and the formation of sear ti.ssue in columns which exactly replaced the 
original muscle fibers. The free ends of the affected muscle fillers were 
thus bound together. These oliscrvations indicate that the pi’ocess is not 
primarily an interstitial one, as many previous authoi’s have .suiijiosed. 

Many chemical agents have been employed, alone or in combination, to 
produce acute experimental myocarditis. The best results have been 
obtained by combining sparteine with adrenalin, or chloi'ofoi'in with 
thyi’oxin or desiccated thyroid substance, but the lesions produced are 
not comparable in severity ivith tho.se of acute i.solated myocarditis. The 
fact that in acute infectious di.seases the heail; usually escaiies and that 
acute isolated myocarditis is rare would indicate that more than one 
factor is concerned in acute myocarditis, and that, one of these faetoi's 
must be of bacterial origin (e.g., the di])htherja or strejitococcus toxin). 

In the final analysis, acute isolated myocai-ditis differs ctiologieally 
from the acute toxic myocarditis which is caused by infectious diseases 
only in that the origin of the infectious agent is obscure. Wo have al- 
ready learned to recognize the cardiac complications of the infectious dis- 
eases and .should experience .still le.ss difficulty with the diagnosis of acute 
isolated myocarditis, for the latter is not accompanied by the misleading- 
protean manifestations of the generalized infectious process. 
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Preenian, Nonuan E., and Zeller, J. Wallace: The Effect of Temperature on the 
Voliunc Plow of Blood Through the Synrpathcctomized Paw of the Dog With 
Observations on the Oxygen Content and Capacity, Carbon-Dioxide Content, 
and PH of the Arterial and Venous Blood. Am. J. l^liy.siol. 120: 475, 1957. 

Esperimonts have previously been povforinod ii\ Inimnns, studying the effect of 
temperature on the rate of blood flow in the sympathcclomized hand. The results 
of the.se .studie.s suggested a du.'tl control of the circulation, indicating that the flow 
of blood is modified by the vasoniofor norve.« to meet the requirements for thermo- 
regulation of the body as a whole. After removal of the vasomotor control, the 
circulation seems to ho dependent upon the metabolic requirements of the tissues. 
The results of the, <'xperimouts as earried out iu nuvu were somewhat variable; this 
was considered to he ilue to reflex seeretion of adreniuo induced by unavoidable 
emotional di.siurbaneeH. In order to oliinimite the adrenal factor, similar experi- 
ments have been carried out on dogs in which one adrenal gland had been removed 
and the otlier had been denervafed. The oxygon ermbrnt, carbon-dioxide content, 
and pH of the arterial and venous Idood were studied in three uuaucstheti/.cd, trained 
dog.s in which one adrenal had been removed and the other denervated. The volume 
flow of blood in the .synqiathoctomizcd ])aw of these aninnils was measured by 
plethysmographic determinations. It was found that the oxygen and carlion- 
dioxide confenf.s and pH difference in the .arterial and venous blood were constant 
in a single experiment over wide rangc.s of blood flow and metabolism. Tiie volume 
flow of blood through the jiaw varied directly with the temperature of the bath in 
which the paw was immersed. These finding.s are consistent with the hypothesis 
that the circulation through regions deprived vasomotor control is controlled by 
the metabolic needs of the tissues. 

Hixkr. 


Lfiszlo, T.: Physiology of Adrenal Cortical Honnones. Cardiologia 1: 219, 1937. 

Simultaneous removal of both adrenals has no effect on the specific conducting 
system of the heart in dogs killed shortly before the time of expected death. Cortical 
extracts used in those studies, according to the author, were considered unsatis- 
factory, and the results may have been due to impurities rather than to the hormone 
itself. 

Katz. 

Puddu, V.: Concerning the Action of Cardiac Nerves. Arch. f. d. ges. Physiol. 

238: 4(57, 19.37. 

Observations on. the dog .show that the sympathetics change the clectroeardio- 
grapliic contour. TJnipolar leads from the ventricles indicate that the right and 
left nerves have action on different regions. Eollowing complete heart block in 
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tlic dog, it was found that vagus stimulation slowed the idioventricular rhythm. 
This is attributed to transmission of cholinergic material liberated in the auricle. 

Katz. 


Biihl, A., and Thaddea, S.: Dynamics and Metabolism of Heart Poisoned With 

Monoiodoacetic Acid. Ztschr. f. KreislaulTorsch. 30: 20, 10.38. 

Monoiodoacetic acid in doses of 2o0-o00 mg. caused pulmonary edema in the heart- 
lung preparation of the dog, and later damage to the heart. The coronary vessels 
showed a marked dilatation. The pulmonary edema can be delayed by prophylactic 
doses of strophanthin. Lactic acid consumption of the heart is increased by 
monoiodoacetic acid, and the glycogen content of the heart muscle is increased. The 
respiratory quotient is usually decreased. Muscular liemorrhages occurred and these 
probably explain the electrocardiographic changes. 

]L\tz. 

Schneider, Edward C., and Collins, Raymond: Venous Pressure Responses to 

Exercise. Ain. .T. Physiol. 121: .“574, 3038. 

A comparison of the Eyster, Hooker, and WHiife methods of determining venous 
pressure shows that each gives the same account of the changes that result from 
physical exertion. 

The venous pressure rises and then remains up during work on the bicycle 
ergometer. In some individuals the pres.sure begins to rise almost at once, reaches 
a maximum within two to four minutes, and then maintains a fairly steady state. 
In others after some delay a slow rise begins, reaches a maximum within ten to 
twelve minute.®, and then remains fairly constant until work is terminated. 

Wlien the load of work is too heavy, the venous pres.sure rises steadily until 
fatigue ensues. 

There is a rough linear relationship between venous pre.s.sure and load. This may 
be obscured by tlie deep brentliing of exertion, since during expiration the venous 
pressure may be as much as 2 cm. H,0 higher than during inspiration. 

After physical exertion the venous pre.ssure ordinarily slowly returns to normal. 
This may be accomplished within a few minutes, but after heavy work often requires 
as much as twenty-two to twenty-seven minutes. 

Author. 

Gibson, John G., and Evelyn, Kenneth A.: Clinical Studies of the Blood Voltune. 

.T. Clin, Investigation 17: 1.53, 1938. 

A photoelectric method of determining the dj-e concentration of serum samples in 
the plasma volume method of Gibson and Evans is described. 

Comparison of this method with that emydoying the spectrophotometer proves it 
to be accur.ate within a range of ±2.5 per cent in a series of plasma volume de- 
terminations. 

For purposes of clinical research the simplified technique is as reliable as the 
spcctrophotometric method and possesses the added advantages of greater simplicity, 
economy, speed, and freedom from subjective errors. 

Author. 

Pezzi, C., and Agostoni, G.: Concerning Stenosis of the Aorta in the Region Be- 
tween the Arch and Descending Portion. Gardiologia 1; 125, 1937. 

In the authors' review of this subject, the greater frequency of that form of 
.steno.sis occurring where the ductus Botalli is situated, and the rarity of clinically 
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visible fiTterial collaterals in the thoracic region arc pointed out. The x-ray pic- 
ture is typical of stenosis of the aorta. It shows the enlarged left ventricle, the 
usually dilated ascending aorta, and the characteristic, notching of the posterior lower 
margins of the ribs. 

Katz. 


Eothberger, C. J.; Concerning the Normal and Pathological Physiology of the 
Specific Conducting Tissue of the Heart. Cnrdiologia 1; 234, 1937. 

An excellent review is presented of the suhjcct with which the author has long 
. been identified. The article must be read for the detaibs. Among the facts brought 
forth, the. following may be mentioned: (1) the refracton- phase of Purltin,ic 
fibers is longer than that of ordinary ventricular muscle; (2) as the strength of 
sfimnlus to the Purkinje fibers was decrea.se<l, failure to respond to some of the 
impulses was found to occur before the stage was reached where all became inefTec- 
tive; (3) the duration of the electrogram of the Purhinje fdiers is longer than its 
refractory pluise and contraction, (4) veratrin in small doses leads to runs of boats 
with pauses between them and (51 Purkinje fibers are not as susceptible to low 
oxygen content a.® auricular strips. 

Katz. 

Takino, M., and Watanaho, S.: The Significance of the Ligatnentmn Arteriosnm 
of the Ductus BotalU and Its Junction "with the Pulmonary Artery as a Blood. 
Pressure Eegulator in Various Animals, Arch, f, KreislaulTorscl). 2: IS, 39.37, 

In the embryo and young animal (rabbit, dog, cat, and fetus of man) this region 
contains end organs which set up reflexes to helj) adjust the circulation. As the 
ductus degenerate.® into a ligament, the end organs move, from the aortic attach- 
ment to the pnhnonaTv artery and still function. 

Katz. 

Schellong, F., Schwingel, E., and Germann, H,: Vector Diagrapliy and the Normal 
Vectordiagram, Arch, f, KreislanlTor.sch. 2: 3, 3937. 

This is a description of the method previously reported by the authors of using 
thoracic leads Avith stereoscopic orientation. Tn 300 normal persons the spatial con- 
tour of the vector diagram was determined during the inscription of the QPB com- 
plex and also during that of the T-wave. The QP,S vector has an elliptical form 
Avhich may he interrupted hy flat indentations. Tt starts from zero and moves for- 
ward to the left and down and then Ijackward to the right and then up. At its start 
it first moves up and at its end moves down. The T-w-avc forms a smaller similar 
elliptoid. The angle between the end of the QES and T elliptoids is determined 
and was found in all but 4 cases to l)e loss than 45 degrees. This spatial vector 
derived from thoracic leads is more sati.sfactory than tlie one derived from lends from 
the extremities. 

Katz. 

Spang, B.., and Kortli, C.: Altemans of tliC: Ventricular Complex of tire Human 
Electrocardiogram. Arch. f. Kreislanfforsch. 2: 47, 1937. 

The literature is reviewed by the nutliors and ten cases are reported. Alternans 
of groups of beats as contrasted with altemans between boats is described. One can- 
not separate electrical from mechanical alternans. 


Katz. 
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Hadorn, W.: Observations of the Heart in Hypoglycemic Shock (in Relation to 
the Electrocardiographic Changes in Insulin Treatment of Schizophrenia With 
Notes on the Effect of Cardiazol on the Electrocardiogram in the Same Con- 
dition). Arch. f. Kreisluuffor.sch. 2: 70, 

Thi.s i.s a ])re.sentation of monographic proportions which covers over SO jiages 
and contains ihe autlior’s extensive studies correlating work on animals and patients. 

Insulin shock in schizophrenic and in normal subjt'c.ts causes, in many persons, 
tachycardia and a rise in blood prc.ssure with increased pulse pressure and venous 
pressure. Angina pectoris may also occur in diabetics witli coronary sclerosis, but 
similar pain may be found in schizophrenics without heart disease. Tliese changes 
are attributed in part to a liberation of adrenalin. It is concluded that insulin is to 
be used cautiously in coronary sclerosi.s. 

In the electrocardiogram insulin causes increased amplitude of P and QHS, pro- 
longation of QllS and P-P, coronary nodal rhythm, oxtra.systoles of auricular and 
ventricular origin, depression of S-T, prolongation of electrical systole, and flattening 
and inversion of T. These electrocardiographic changes indicate aga.in the hazard 
of insulin usage in coronary disease. Cardiazol (tetrazol) causes much less change 
in the electrocardiogram than does insulin. There is, however, a tendency toward 
auricular extrasystoles and auricular tibrillafion. 

Katz. 


Albers, D., and Thaddea, S.; Electrocardiographic Changes in Experimental and 
Clinical Adrenal Insufficiency. Ztschr. f. KreislaufTorsch. 29: 825, 19'{7. 

x\drenal insufficiency causes decrea.sed amplitude of deflections, depression of S-T, 
and inversion of T. The deviations tend to return toward normal when the cortical 
hormone is supplied. The damage to the heart muscle was demonstrated his- 
tologically, but not in all cases. 

Katz. 


Bellet, Samuel, and McMillan, Thomas M.: Electrocardiograpihe Patterns in 
Acute Pericarditis: Evolution, Causes and Diagnostic Significance of Patterns 
in Limb and Chest Leads; A Study of Pifty-Seven Cases. .-Irch. Int. .Med. 61: 
3S1, 1938. 

The electrocardiographic findings in fifty-seven cases of acute periwirditis of dif- 
ferent etiologic types are presented and discussed. 

On the ba.sis of these observations it is concluded that in a large majority of ca.^es 
(80 per cent in this series) electrocardiographic changes are associated with peri- 
carditis. In twenty-one cases (more than 37 per cent) the alteration in the IlST seg- 
ment conformed to a pattern wlii'di we regard as fairly characteristic, jiamely, eleva- 
tion of the PET segment in the three liinli leads, depression of the interval in Leads 
I\ and \ and elevation of the interval in Lead YI, with preservation of the initial 
downward <leflection. In the remainder the inversion of the T-wave and minor 
change.s in the P.ST segment, which are considered important, were noted. In the 
main, the deviation in the P.'^T segment wa.s observed in association with the more 
virulent forms of pericarditis, e, g.. pneumococcic, uremic, and rheumatic; the altera- 
tion in the T-wave was the outstanding ehange present in case.s of tuberculous peri- 
carditis. 

Till* deviation in the P.ST segment and tlie change in the T-wave are transient: 
for this reason it is important to obtain electrocardiographic records at frequent 
intervals. 
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The use of prceordial leads :is an iiaportant aid in the diagnosis is herein recorded; 
j\dditionul information was sometimes ohtaincd In' placing the anterior electrode 
over the area, of friction. 

The basing of a differential diagnosis on the electrocardiographic findings, in 
cases of pericarditis and coronarj' occlusion is discussed. 

Histologic studies of the cardiac muscle were made in nineteen of the cases of 
our series. From those oljservations. together with other factors mentioned, it is 
concluded that invasion of the subjiericurdial portion of the myocardium by peri- 
carditis is chietly responsible for the deviation observed in the liST segment. 

FTcquontly. in spite of the presence of frank pericarditis, no clectrocardiagraphic 
changes are observed. This is probably due to the ahsence of myocardial involve- 
ment or to the presence of an extremely slight grade of involvement. 

AuTiion. 

Wcicker, B.. and Kessler, M.; Malaria and the Electrocardiogram. Zischr. f. 

KreislautTor.'-ch. 30: 0, 1938. 

Curvo.< were taken on 25 patients with neurosyphilis during maluriul therapy. 
In several instanees chnnge.s were found indicative of coronurv’ iusuflicicncy. The 
majority, however, showed only minor changes, During treatment, the electro- 
cardiogram may be a valuable adjunct in bringing to light latent myocardial damage 
in those jiatienfs. 

Katz. 


Travel!, Janet, Gold, Harry, and Modcll, Walter; Effect of Experimental Cardiac 

Infarction on Response to Digitalis. Arch. Int. Mod, 61: ISf, 193S, 

In the present study of iifty cats the effect of digitalis on the control animal 
is compared with that on the animal three weeks after experimental ligation of 
a coronary ves.«el with resj)ecl to the following ])oints: the fatal dose, the close 
necessary to ]>rodnce a ventricular ectojuc rhythm, the offect on the blood i)rcssure, 
the changes in the ll-T segmonl of the electrocardiogram, and the degree of healing of 
the infarct. 

Previous studies have shown that witliin the first twenty-four hours after the 
experimental production of cardiac, infarction the tolerance to digitalis is the same 
as tliat of the normal animal (cat and dog). Tu the pre.sence of a partially healed 
infarct the cat (as well as the dog) is more .susceptible to digitalis than the normal 
animal, rccpiiring only ahout three-fourths as much digitalis as the normal animal 
to cause (a) a ventricular ectopic, rhythm and (b) death. The larger the infarct, 
the more susceptible the. animal; but many excejitions to this rule were observed, 
and some of the most susceptible animals had the smallest infarcts. 

Treatment with aminophylline appe:ired to exert no eft’ect on the tolerance to 
digitalis in cardiac infarction. 

There is some indication that digitalis may cause displacement of the R-T seg- 
ment in the electrocardiogram more readily in animals with cardiac infarction than 
in the normal animal. 

Differences in tolerance may involve ecjually the fatal dose and tliat required 
to cause a ventricular ectopic rhythm, but the range of change tends to be greater 
for the former than for the latter. This appears to be true of differences in toler- 
ance among apparently normal aniinahs, as well as among those with cardiac in- 
farction, 

; The facts indicate that increased susceptibility to digitalis in cardiac infarction 
may be due to a change in the properties not of the Avhole heart but of an area 
with impaired circulation within the zone of the infarct, from which abnormal im- 
pulses arise as the result of the administration of digitalis and precipitate ventricu- 
lar tachycardia and fdjrillation. 

Atjthok. 
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Binger, M. and Craig, W, McK.: Atypical Case of Hypertension With a 

Tumor of the Adrenal Gland. I’roc. Staff Meet. Mayo Clin. 13: 17, 1938. 

A case of essential liypertensifm is reported in which an adrenal tumor was found 
at the time of surgery carried out for relief of the hypertension by a resection of the 
splanchnic nerves. The patient seemed to have a typical case of essential hyper- 
tension. However, she had an extreme intolerance to heat and a basal metabolic rate 
of +61 per cent which could not be explained, as there was no evidence of hyper- 
thjToidism. Following the first-stage operation for sidanchnic resection, there was 
nothing unusual about the postoperative course. However, followdng the second 
stage of the operation performed twelve days after the first opcr.'ition, the blood pres- 
sure rose to a verj' high level and remained so for a period of ten days. It was 
postulated that this unusual course of events might be due to some cliange in the 
right adrenal gland, and the patient was returned to the operating room and the 
old incision reopened. Immediately above the kidney a large tumor, measuring 6 by 
3.5 cm., was found which proved microscopically to be a .sympathicoblastoma. Fol- 
lowing the removal of this tumor, the blood pressure returned to a low level, and 
it remained low up to the time of her dismissal. It was thought that the tumor 
had been activated by the manipulation incidental to the operation and that this 
was the cause of the excessive blood pressure reaction following the operation, al- 
though not necessarily the cause of the per.si.stent hyx)crtension which had been 
present previous to the operation. 

Hin'k.s. 


Burwell, C. Sidney: A Comparison of the Pressures in Arm Veins and Femoral 

Veins With Special Eeference to Changes I>uring Pregnancy, Ann. Int Med. 

11: 1.30.5, 1938. 

The ann and leg venous presjiures were studied in a group of nonpregnant per- 
sons including normal jjersons and those with conditions already known to affect 
local or general piressure and in a group of pregnant women and pregnant dogs. The 
direct method of measuring venous pressure described by Sloritx and von Tabora was 
used in this stud}-. The test was performed with the patient in the supine position 
in bed and with the zero of the manometer .set at a level 5 cm. dorsal to the fifth 
dorsal cartilage. In individuals without heiirt disease or local obstruction, the venous 
pressure Ls nearly identical in the arm and leg under the conditioms of this experi- 
ment, In the patients witli congestive heart failure, the pressures are almost 
identical in arm and leg unless there is considerable ascites, in which case the leg 
jirc-ssure may be higher than the arm pressure. In pregnant women by the fourth 
month of pregnancy an increase takes jdace in the venous pressure in the leg which 
persists and even may increase throughout pregnancy. It was concluded that this 
increase was not due to increase in intnmbdominal pressure but due to the pres- 
.sure of the gravid uterus because when a pmegnant dog’s abdomen was opened the 
femoral venous pressure did not change. From these studies, it was concluded that 
venous collaterals developed when there is a higher degree of venous j)re.ssure in one 
area of periphery than in another. The higher pressures which were found in the 
femor,aI veins of pregnant women is thought to be due to the inflow of a large 
amount of blood through the placenta, and obstruction of the outflow by the gravid 
uterus. A comparison of venous pressure in the different parts of the body may 
bo helpful in the understanding and description of disease and may on oceafsion even 
he apjdied to diagnosis. 


Hi.vk.s, 
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HerroII, W. E.: Idiosyncrasy to Tobacco; Beport of Case. Proc. St nit Meet.. 

Mayo Clin. 13; 3, 3938. 

A. ease is rcportoQ of a pui ient. Aviili liyporfcn.sion in whom the sniohin^ of 
tobacco prodncctl marhccl elevation of the blood pressure. A rise in blood i)re.«surc 
as hiph as GO nim, of inercniry systolic and 50 nun. of mercury diastolic would occur 
after smoking one or two cigarettes. AVitli abstinence from smoking, tbo blood 
pressure which had prordously been elevated remained at a normal level, and hi.'’ 
s\Tn]>tom.s were niuch improved. I’he rise in the blood pres.«ure ;ifter smoking a 
cigarette was almost identical with (he rise prodmard by the cold prc.ssor test. It 
was as.^mned that this patient would give an exaggerated vasocon.strictor response 
to many different stitnuli and that tolraceo particularly would produce a marked 
Yasocon-strictor ro.sponso with a re.^ulling marked elevation of the blood pressure. 
Purtber studies regarding the effect of tobacco on the blood pressure should be 
carried out. It seems to be wise to advise patients who have hy])crtension to smoke 
lightly or not ;\t all if tests show that their blood pressure is intlueuccd l)y the 
use of tobacco. 

niKKR. 


Goodman, Charles: Thronibo-Angiitis Obliterans and Typhus (Evidence of Etlo- 
logic Eclationslup) . Arch. 8urg. 35: IPJG, 1937. . 

Success in the treatment of disease, with few exceptions, has not been obtained 
until the earjsaiivc factor has been described. In this respect , thromboangiitis ob- 
literans is typical. Many etiologic agents have been eonsidered as the cause of 
thromboangiitis obliteraiis, but in m* ease has there bei*n definite proof that the 
suspected agent was the real cause of the disease. Au etiologic relationship between 
typhus fever and thromhoangiitis obliterans has been suspected for many years. 
A cutaneous tc.st has boon devi.scd which give.s n positive reaction over a long period 
of time in patients oho have laid typhus. This lest is uniformly nogjitivo in normal 
persons and in a group of ymtient.s with .arteriosclerosis and diabetes. It is almo.st 
imiformly positive in a group of 91 adults with tliromboangiiti.s oblitor.ans. Tliese 
findings arc highly suggestive of an etiologic rela1ion.‘!hip between typluKS aJul 
thromboangiitis and oi)en the way for further research along thi.s line. 

ITink.r. 


Tartakoff, Joseph, and Hazard, J, Beach; Tliromboangiitis Obliterans of tlio 

Spermatic Cord. Isew England .T. Med. 218: 173, 193S. 

A 3?us.sian Jew,, aged 28 year.s, prcsojitcd symptoms of a dragging sensation in 
the left groin and the left half of the scrotum, of loss than four weeks’ duration. 
There were no other symptoms, and no evidence by physical examination of vascular 
disease in the cxiremitlos. There Avas moderate tenderness of the left spermatic 
cord, and a palpable mass the size of a cherry in the cord about 1 cm. above the 
epididymis. The mass Avas removed surgically. Microscopic examination revealed 
changes characteristic of thromboangiitis obliterans, A\fith no tubcrclc-like lesions. 
The veins, 0..S to 1..3 mm. in diameter, Avero occluded by partly organized and partly 
canalized thrombi. The smaller A-essels, including the arterioles, presented patent 
lumens and normal lining surfaces and vessel Avails. Cellular changes consistent Avith 
tile diagnosis of tliromboangiitis obliterans were found. A <liagnosi.s of nonspecific 
thrombosis of the .spermatic A*enous plexus Avas considered untenable because a more 
extensive lesion Avould be expected than the one found. 


MONTGOXnSRT. 
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Antiony, A. J., and Loos, W.: The Distensibility of the Blood Vessels of the 
Human Extremities. I. Ztsehr. f, KreislanlTorHch. 30: 1, 1038. 

The autlior.« determined the jmlse wave velocity of the Idood ves.«els of extremities 
in normal persons at various internal pressures. They u.^ed a large pre.ssure cuff 
to decrease the effective internal pressure in the vessehs. This led regularly to a 
decrease in pulse wave velocity. The correlation curve between jmlse wave velocity 
and internal arterial pressure characterizes the properties of the vessel wall. 

K.\tz. 


Lent, W.: The Distensibility of Vessels of the Human Extremities. II. Ztschr. 

f. Kreislaufforsch. 30: oa, 1.038. 

Vdien pulse wave velocity is correlated with systolic pressure, the cuire is found 
to be .shifted to the right in hypertensive and elderly patients, as compared with 
the normal; hut when the correlation is made with diastolic pressure, no difference 
in the curves of the abnonnals and normals i.s found. 

It is shown that the pulse pressure can be computed from the cuiA'e relating 
pulse wave velocity to the systolic pressure. 

Katz. 

Kountz, William B., and Smith, John K.: The Flow of Blood in the Coronary; 

Artery in Pathological Hearts. J. Clin. Jiive.stigation 17: 1-17, 1938. 

In hearts of jjatients who have died of heart failure, the coronary blooil flow 
is diminished either absolutely, as in diseases of the coronary arteries and in dilata- 
tion of the heart, or relatively, as in hypertrophy. 

Under the conditions of these experiments, it appears that any rate of flow less 
than 0.75 per gram of heart muscle per minute endangers the function of the heart. 

Either hypertrophy or dilatation reduces the coronary flow per gram of heart 
mu-sclc. In hypertrophy this may be accounted for by increase in muscle mas.s. In 
dilatation, lengthening and stretching of coronary vessels may be the chief factor. 

In dilated hearts the coronary flow is increased during systole and diminished 
during diastole; a result which is exactly opposite to that found in hearts of 
nonnal diastolic volume. 

In the dilateil heart drugs which tend to decrease the diastolic volume increase 
tlie coronary flow, %vhile those which augment diastolic volume diminish the flow. 
This action also is directly opposite to the phenomena observed in normal, undilatcd 
hearts. It suggests that the physituil .state of the heart, and particularly the degres; 
of dilatation, must be coti-ddered in the selection of drugs for the treatment of 
cardiac disease. 

Atjtuok. 

Aschoff, L.: Nonnal and Pathologic Anatomy of Senility. 3. The Circulatory 

System in Senility. Med. Klin. 33: :m, V.KiT. 

The following changes in senility were ob.sorved: (1) decrejised heart iveight 
(but in the presence of atherosclerosis and hypertension cardiac, hypertrophy was 
found), (2) valve deformities on ilie left .‘••ide, and 13) fatty infiltration of the 
pericardium. The capillaries were jiractically unchanged in number. 


Katz. 
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Albers, D.: Viscosity of Blood in Cardiac Insufllciency. Ztsclir. f. KreLslnufTorsch. 

29: ill;"), 19r>7. 

Blood viscosity is increased in lieart failure. Tliis occurs also in tlie presence of 
anemia .when the efTect of the anemia itself on the viscosity is discounted. The 
onlv exception is in thyrotoxicosis. As the patient improves, viscosity goes back 
toward normal. There is no parallelism between viscosity and blood pressure, 
Itiureties and venesection and raw food lower blood viscosity. 

Katz. 


Kr<amer, David W.: Periodic or Intermittent Venous Compression in the Treat- 
ment of Peripheral Vascular Disease. Al. Bee. 147: 1)9, 191!S. 

The method is that recently revived by W. S. Collens and X. D. Wilensky. It 
eonsist.s of intonnittent, automatic eompre.^sion of a thigh at a pressure of 30 to 
SO. mm. II g. 

Thirty putimit.s with perij>heral vascular disea.^e were treated for a total of 
four hundred hours. Twelvti h:id diabetes: seven, Buerger’s disease; five, arterio- 
sclerosis; and four, phlebitis. 

Twenty of the ]>atients were benefited; five were slightly or temporarily im- 
proved; five were not bemnited. Cramjis and fatigue were relieved; jiain did not 
respond so satisfactorily. An oeeasionnl skin temperature reading showed a rise 
in skin surface temperature averaging 1 to 3“ C. in most of the patients te.stod. 
An increase in oscillomotric. readings w.as noticed immediately after the tre:itment, 
and at the termination of treatments, in those tested. The author thinks that inter- 
mittent venous occlnsioii is a de.sirable addition to the more recent methods of treat- 
ment of vascular diseases Imt considers the negative and positive pressure apjmratus 
a.s the outstanding contribution. 

MOKT(iOMKi:Y. 

Gold, Harry, Otto, Harold, Kwit, Nathaniel T., and Satchwell, Harry: Does 

Digitalis Influence the Course of Cardiac Pain? A Study of 120 Selected Cases 

of Angina Pectoris. .T. A. Al. A. 110; Sr)9, 1938. 

The effect of digitalis medication on cardiac pain was investigated in a series 
of 120 patients with angina pectoris. 

The following criteria were used for the selection of these patients: evidence 
of organic heart di.sease, absence of signs of congestion, cardiac jiain on effort, 
doing little or 7io phy.sical work, and faithful cooperation. 

The effect studied w;is the influence on the severity and frequency of attacks of 
pain and on the capacity for effort witliont pain. Tlie data were secured in accord- 
ance with a plan designed to reduce to a minimum common sources of error and in 
a manner relatively free from bias by the use of the ‘'blind test.” 

In all, 243 courses of treatment witli fairly large daily doses of digitalis (from 
0.2 to O.G gm.) were given, each lasting an average of eleven weeks and being 
alternated with a course of a placebo of lactose or some other agent. 

The course of the pain was charted, the habitual status as well as graded de- 
partures from it being represented in every case. The causal relation was established 
by a method relatively free from personal judgments; namely, by comparing sec- 
tions of the chart representing, respectively, placebo and digitalis periods. 

The results show that nearly one'-half of all the patients reported a departure 
from their habitual status on their return v^sit after the first course of treatment 
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with Jig^ifalis; in about 35 per cent the pain was increased and in about 30 per cent 
it was diminislied. Ttesults ijearing a strong similarity to these were obtained, 
however, during the use of a placebo. 

In most cases the change in pain failed to persist when administration of the 
drug was continued or failed to reappear during repeated courses of digitalis. 

In the remaining cases in which the change recurred when the course of digitalis 
was repeated, it was possible to digitalize fully without any apparent effect on pain 
by altering the form, color, or flavor of the preparation of digitalis. 

It is concluded from these facts that in cases of angina pectoris without con- 
gestion the likelihood is negligible that the use of digitalis will, by a direct action 
on the circulation, increase or dimini.sh cardiac pain. 

In view of the fact that the patients of this series were presumably unusually 
susceptible to cardiac ischemia, the results indicate further that digitalis even in 
large doses rarely, if ever, produces effective constriction of the coronary arteries 
in man. 

Authob. 
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